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PREFACE  TO  TUE  FIRST  EDITION. 


Toe  object  of  the  present  volume  Is :  to  indicate  the  char- 
acter and,  approximately,  the  extent  of  the  cliangcB  produced 
by  hnmaii  actiou  iu  the  physical  conditioiis  of  the  globe  we 
inhabit;  lo  jjoint  out  the  dangers  of  imprudence  nnrl  the  neccs- 
eity  of  caution  in  all  operatiom  which,  on  a  Iai-j;o  scale,  intci^ 
fere  with  the  apontaneoiis  arrangementa  of  the  organic  or  the 
inorganic  world  ;  to  angiroflt  the  poasihility  and  the  imjwrtanco 
of  the  regtoration  of  disturbed  harmonies  and  the  material  im- 
provement of  waste  aTid  exhausted  regions  ;  and,  incidentally, 
to  illastrate  the  doctrine  that  man  in,  in  botlt  kind  and  degree, 
a  p>wt)r  of  a  higher  order  than  any  of  the  other  forms  of  ani- 
mated life,  wliich,  like  him,  are  nourielicd  at  tlie  tabic  of  bouu- 
toous  nature. 

In  the  nidcBt  Btagesuf  lify,  man  depends  npon  spontanooiia 
animal  and  vegetable  growth  for  UkA  and  fHotbiiig,  and  Ilia 
consnmption  of  such  prodncta  conRccpimitly  diminiphea  thonn- 
mcrical  abundance  of  the  species  which  serve  his  uses.  At 
more  advanced  periods,  he  protects  and  propagates  certain  ea 
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cnlont  TG^ietablcB  and  certain  fowU  And  quadrupeds,  oiid,  at 
the  saiue  time,  ware  npon  rival  orgaiiieraa  wLiuh  prey  upon 
these  uljjoctB  of  his  caro  or  ol>stniut  the  iiicroase  of  their  nnin- 
bere.  ITenco  tlie  action  of  mau  upoti  tlie  organic  world  tends 
to  demiigc  its  original  balanceB,  and  wliilo  it:  rudiicea  tlie  num- 
bers of  eorae  species,  or  even  oxtirjiatcs  them  altogeUior,  it  mul- 
tiplies other  fonns  of  animal  and  vcpjetable  life. 

The  extension  of  agriciiltnml  and  paetomi  indiistry  involves 
an  enlargement  of  tho  sphere  of  man's  doniiuri,  by  encroach- 
ment upon  the  foresla  which  once  covered  the  greater  part  of  the 
earth's  surface  otherwise  adapted  to  his  occupation.  The  fell- 
ing of  the  woods  has  been  attended  with  momeutous  coiise- 
qnenoes  lo  the  drainage  of  the  soil,  to  tlie  external  configui-a- 
tion  of  its  (surface,  and  prrdmbly,  al^^n,  t<i  local  rliinate ;  and 
tho  imjiortance  of  linnian  life  as  a  tninhfi>ririiiig  |wwer  is,  j>er- 
hape,  more  clearly  demonstrable  :n  tho  induonco  man  has  tlitis 
exerted  upon  superficial  geograply  than  in  any  other  result  of 
his  material  effort. 

Lauds  won  from  the  woi>ds  must  be  both  drained  and  irri- 
gated ;  ^lve^banks  and  raaritimo  coasts  must  bo  Bcciirod  by 
means  of  artificial  bulwarks  against  inundation  by  inland  and 
by  ocean  flowls;  and  the  needs  of  commerce  require  the  im- 
provement ul  natural  and  the  construction  of  artificial  clmn- 
ncls  of  narigutioii.  Thus  man  is  compelled  to  extend  over  tlie 
nnstable  waters  tho  empire  he  had  already  founded  upon  tlie 
solid  land. 

The  upheaval  of  the  bed  of  seas  and  the  moTements  of 
water  and  of  wind  expose  vast  deposits  of  sand,  which  occupy 
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epace  reqtiired  for  the  convenience  of  nian,  and  often,  I»_t  the 
drifting  of  tlieir  [)artide8,  overwhehn  the  lietds  of  human  indns- 
tiy  with  iuvasioHA  as  disastronB  as  (lie  inuureionB  of  tlie  ocean. 
On  the  other  hand,  on  many  cooflle,  sand-hilU  botli  protect  the 
diorflt  from  eroeion  by  the  wares  and  onrronts,  and  aheller 
ira]aabie  groonds  from  bloating  sea-windt».  Man,  therefore, 
mofit  Boinetimes  resist,  sometimeti  promote,  the  fonnation  and 
growth  of  dnnes,  and  subject  the  barren  and  flving  sands  to 
the  same  obedience  to  hid  will  to  wliich  he  has  reduced  other 
ferms  of  terrestrial  surface. 

Bcfitdcs  tliese  old  and  comparatively  familiar  methods  of 
material  improvcmentj  modem  ambition  aspires  to  yet  grander 
achioTementa  iu  tlie  conquest  of  ]3hysical  nature,  and  projects 
mre  meditated  which  quite  eclipse  the  boldest  enterprises  hith- 
erto undertaken  for  the  modification  of  geographical  surface. 

The  natural  character  of  tJio  variuus  fiehls  where  human 
industry  has  effected  revolutions  so  importAUt,  and  where  tlie 
multiplying  population  and  the  im^wverished  resources  cf  the 
globe  demand  uew  triumphs  of  miud  over  matter,  suggests  a 
corresponding  division  of  the  general  subject,  and  I  have  con- 
formed the  distribution  of  the  several  topics  to  the  chronologi- 
cal succemion  in  which  man  must  be  supjioscd  to  have  ex- 
tended his  sway  over  the  different  provinces  of  his  material 
tdngdora.  I  have,  then,  in  the  introductory  chapter,  stated, 
in  a  comprehensive  way,  tlie  gcneiiil  effects  and  the  prospec- 
tive consequences  of  human  action  npoa  the  earth's  surface 
and  the  life  which  pooplea  it.  Tliis  chapter  is  followed  by 
fonr  others  in  which  I  have  traced  the  history  of  raan^s  indna- 
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try  aa  exerted  upon  Animal  and  Vegetable  Life,  upon  tlie 
Woods,  npon  the  Waters,  and  upon  the  8andfi ;  and  to  theee 
I  have  added  a  concluding  chapter  npon  Man. 

It  IB  perliaps  superfluous  to  add,  wliat  indeed  sufHcieutlj 
appears  upon  every  page  of  the  volume,  tliat  I  address  myself 
not  to  professed  physicists,  but  to  the  general  intelligence  of 
observing  and  thinking  men ;  and  that  my  purpose  is  rather  to 
make  practical  suggestions  than  to  indulge  in  theoretical  specu- 
lations more  properly  suited  to  a  different  class  from  that  for 
which  I  write. 

GEORGE  P.  MAESH. 

Deeembtr  1, 1863. 


PKEFAOE  TO  THE  PRESENT  EDITION. 


In  prepft]'in{3^  for  the  praes  au  Italian  translatiou  of  thiB 
vork,  pulilishod  At  Florence  in  1S70, 1  niado  ntimcruus  corroe- 
tioDA  in  the  eUtenioiit  of  both  facts  and  opiuionfl ;  I  incorpo* 
rated  into  the  text  and  inti-odiiced  in  nntce  a  largo  amount  of 
new  data  aiid  other  iUiiatrative  matter ;  I  attempted  to  liuprore 
t)ic  loolhod  by  difTcruutly  arrangiug  inanv  uf  the  itunor  siibdi- 
\-i&icins  of  the  iihaptcre  ;  and  I  euppreseed  a  few  passages  which 
leemed  to  rao  enpcrtlnona. 

In  the  present  edition,  which  ia  based  on  the  Italian  transla- 
tion, I  have  made  many  further  corrections  and  changes  of 
arrangement  of  the  origitud  matter;  I  Lave  rewritten  a  con- 
riderable  jwrtion  of  the  work,  and  have  made,  in  the  text  and 
in  notea,  numeroos  and  important  addilionR,  fonnrlod  partly  on 
observations  of  my  own,  partly  on  tluiae  of  other  students  of 
Physical  Geography,  and  though  my  general  conclusions  re- 
main substautiaUv  the  same  as  those  I  first  announced,  yet  I 
think  I  may  claim  to  have  given  greater  completeness  and  & 
more  consequent  and  logical  form  to  the  whole  argument 
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Since  tlio  pnblicatlun  of  tlic  orij^iuul  edition,  Mr.  Elittie 
RecluB,  in  the  second  volume  of  hid  admirable  work,  La.  Tcrre 
{Paris,  185S),  lately  inado  accessible  to  English-reading  etn* 
dents,  baa  treated,  in  a  gcnnral  wav,  tlic  subject  I  have  under* 
taken  to  di&ciua.  He  has,  howovcr,  occnpied  himBelf  with  the 
consorrativo  and  i-cstorative,  rather  tlian  with  the  destmctire, 
effects  of  human  industry,  and  he  has  drawn  an  attractive  and 
encouraging  picture  of  the  ameliorating  influences  of  the  ac- 
tion of  man,  and  of  the  compensations  by  which  ho,  couwnously 
or  nncon£ciously,  makes  amends  for  the  deterioration  whicti  ho 
has  produced  in  the  medium  he  inhabits.  Tlic  labors  of 
Mr.  Kcclns,  therefore,  though  aiming  at  a  much  higher  and 
wider  scope  than  1  have  had  in  view,  are,  in  tins  particular 
point,  a  complement  to  my  own.  I  camostly  recommend  the 
work  of  this  able  writer  to  the  atteutiou  of  my  readers. 

GEORGE  P.  MARSIL 
BOXX,  Mat  1. 197S. 
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ffa^ural  Advantages  of  the  Terntoi'y  of  tfie  limnan  Empire. 

Tnfi  Boman  Umpire,  at  the  period  of  its  greatest  expausion, 
coraprieeJ  tlie  regions  of  the  earth  utost  diafiiiji;ui>*he(l  by  a 
happy  combinatioii  of  ph^'siuil  couditious.  The  provhiued  bor- 
dering on  the  prinoipal  and  the  secondary  basins  of  the  Modi* 
terraiican  enjoyed  m  healthfulncss  and  eqimbility  uf  climate,  in 
fertility  of  eoil,  in  variety  of  vegetable  and  mineral  prodncta, 
and  in  natnrnl  faeilitics  for  the  transportation  and  dietribntion 
of  exchangeable  com  mod  I  lies,  advantagiw  which  have  not  been 
poBBCSScd  in  any  equal  degree  by  any  territory  of  like  extent 
in  the  Old  World  or  the  Xew.  The  abundance  of  tlic  laud  and 
of  the  waters  adequately  supplied  every  material  wont,  minia- 
tered  liberally  to  every  scnauona  enjoynienL  CKild  and  Bilver, 
indeed,  were  not  found  in  the  profusion  which  has  proved  so 
bancfnl  to  tho  indnstry  of  lands  richer  in  Tcina  of  the  precious 
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metaU;  but  mince  and  river  bods  yielded  tliem  in  the  epare 
mt-afturo  iiioet  favoroblo  to  stability  of  valua  in  the  medium  of 
exchange,  and,  consequently,  to  the  regulanty  of  commercial 
transact ioug.  The  orimmeiiis  of  tlie  barbaric  pride  of  tlic 
Euist,  tbe  jwarl,  the  ruby,  the  enppbirc,  and  the  diamond — 
thougli  not  nnknowu  to  the  luxury  of  a  pei>jilo  whi:»se  w>iH|nest8 
and  whose  wealtli  commanded  whatever  the  haltitable  world 
could  contribute  to  augment  the  material  splendor  of  their 
social  life — were  scarcely  native  to  the  torriloi^of  the  empire; 
but  the  comparative  rarity  of  these  gems  in  Eurojie,  at  some- 
what earlier  periods,  wae,  perhaps,  the  very  circum&tancc  that 
led  the  cuntting  artists  of  tdasaic  antiquity  to  enrich  softer  &ti>ues 
with  ougni\ingB,  which  invest  the  common  ouyx  and  cornelian 
with  a  worth  enriiaBsing,  in  cultivated  eyes,  the  lustre  of  tho 
m'et  brilliant  ririental  jewels. 

Of  thc£e  niuiiiftiM  bles8iEigi%  tho  temporaturo  of  tlio  air,  the 
distribution  of  the  rains,  the  relative  disp<j6ition  of  land  and 
wnler,  the  plenty  of  the  sea,  tho  compositiou  of  the  suit,  and 
tho  raw  material  of  the  primitive  art«,  were  wholly  gratuitous 
pift*.  Yet  the  spoutancrjuB  nature  of  Europe,  of  Western 
Asia,  of  Libya,  neither  fed  nor  clotlied  tho  cirilizod  inhabitants 
of  th'ifio  provinccB.  The  luxuriant  liarvcsts  of  cuivals  that 
waved  OB  every  field  fmiii  the  shorua  of  tJio  Ilhiuo  to  the  bunks 
of  llie  Kile,  the  vines  that  ftstooned  tlie  hillsides  of  Syria,  of 
Italy  and  of  Grecco,  tho  olivce  of  Spain,  tho  fniite  of  tlic  gar- 
dens of  the  Hcsperidcft,  the  donitellc  <pmdnijK-i!*  and  fowls 
known  in  ancient  mral  huehandry — all  the«e  were  original  pro- 
duct* of  foreign  dimes,  naturalized  in  now  homes,  and  p-adn- 
sUy  cmiobled  by  tlic  art  of  man,  while  centuries  of  persevering 
lab<«r  were  expelling  the  wild  vegetation,  and  fitting  the  earth 
for  tho  production  of  more  generous  growths.  Every  Inaf  was 
eaten  in  the  sweat  of  the  brow.  All  must  bo  earned  by  toll. 
But  toil  WM  nowhere  else  rewarded  by  so  generous  wages ;  for 
nowhere  would  a  given  amount  of  intelligent  labor  produce  so 
abundant,  and,  at  the  f>anie  time,  so  varied  returiujuf  tlie  good 
thinim  of  mNtcrial  exi^tenco. 


FBTBUUX  DECAT   OF   ROMAK    EUPIB& 


Phytical  Deoay  of  the  TerrUory  of  the  Homan  Empire. 

If  wu  compare  the  prefteiit  physical  oondi'tion  of  the  conn- 
tries  of  vhich  I  am  speaking,  with  the  dceai-iptione  that  ancient 
btstoriaiu  and  f^igTU|ibers  havu  jiivcw  of  tlicir  fertility  and 
general  c)i])ability  of  miiii^tcring;  to  htiinau  lutcs,  we  ahaU  find 
that  more  tlian  one-half  their  whole  cxtont^ — ^iiot  excluding  the 
provinces  ninet  cclchratod  for  the  profusion  and  vai-iety  of 
tfaoir  8pontanpx>ii9  and  their  cnltivat-cd  products,  and  for  the 
Uh  and  social  adTaiicc:nent  of  tJicir  inhabitautfi — is  either 
doeortetl  by  civilized  man  and  RnrronJerod  to  hopeless  desula- 
latitm,  (.«r  at  least  ^ntly  rednced  ui  Ijoth  ]nx>duutiveness  and 
popiilalit'in.  Vast  fore^te  have  disappeai-ed  h\m\  nionntain 
spars  and  rid^ea;  tlie  rentable  eai-th  accnmiilated  beneath 
the  trees  !»y  tlie  decay  of  leaves  and  fallen  tninkfs  the  Bi*il  of 
tl)c  alpine  pastnrca  which  Bkutcd  and  indented  tlic  woodii,  and 
tlw  tuonid  of  (bo  npland  fields,  are  wuiihed  uway ;  uicodowd, 
onee  fertilized  by  irrigation,  are  waste  and  nnproductive  be- 

'eaiue  the  ci&tems  and  rcecrvoim  that  hupplicd  the  ancient 
eanats  are  bmken,  or  tlie  epringa  that  fed  Ihein  dried  np ;  rivers 

;EunouR  in  history  and  song  bare  shnuik  to  hninble  bi-ooklets ; 

'ttu)  wiUows  tliat  ornamented  and  protected  the  banks  of  the 
lesser  waterconrsce  are  gone,  and  tlie  rivnletB  have  ccaged  to 
exifit  afi  perennial  cnrrentt;,  because  the  little  water  that  finds 
its  way  into  tiieir  old  channels  \a  eraporated  by  tlic  droiighcg  of 
Riminer,  or  al)S(>rbed  by  tlie  pardicd  earth  Iveforc  it  reaehos 
the  lowlands;  tlic  l>cds  of  the  brooks  have  widened  inUi  bnjad 
expMtbes  of  pebbles  and  gravel,  over  which,  though  in  the  hot 
Beuon  puBcd  dryshod,  in  winter  sealike  torrents  tlinndor; 
tlie  cntrancoa  of  navigable  streams  are  obetnictcd  by  eandban; 
and  Imrbore,  onco  inarta  of  an  oxtciuive  cumnieree,  arc  shoaled 
by  tlie  dcix«it9  of  the  rivers  at  whose  moutlis  they  He ;  the 
elevation  of  the  Iteds  of  estoanes,  and  the  ainseijuontly  diniiu- 
iidicd  velocity  and  increased  lateral  spread  of  the  etreains  whiiJi 
flow  into  them,  have  converted  thouaands  of  leagues  of  shallow 
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Bea  and  fertile  lowland  into  uuprodnctive  and  miasmatic  mo- 
radsefl. 

Besides  the  direct  teritiraony  of  Uistor}*  to  the  ancient  fer- 
tility of  the  now  exhausted  regions  to  which  I  refer — JCortlieni 
Africa,  tho  greater  Arabian  peninsula,  Svria,  Sfceopotamia,  Ar- 
menia and  inaiiy  other  |irf>vini.'!t?s  of  Asia  Minor,  Oreoce,  Sicily, 
and  parts  of  even  Italy  and  Spain — tho  mnltitndo  and  extent 
of  yet  remaining  architectural  rains,  and  of  decayed  works  of 
iutonial  improvement,  show  that  at  former  epochs  a  dense  pop- 
ulation inhabited  ihtjso  now  lonely  districle.  Snrh  a  pnpnla- 
tion  could  have  been  enstained  only  by  a  proflnctiveneBs  of  t^il 
of  which  wo  at  present  discover  but  elcnder  troces ;  and  tho 
ahinidancc  derived  from  that  fertility  sen"es  to  explain  how 
large  annies,  like  tlwse  of  ibo  ancient  Persians^  and  of  thcCru- 
Badora  and  tho  Tartars  in  Inter  a^^.  could,  without  an  oi^an- 
ized  commiAfiariat,  sccnro  adet^uate  supplicA  in  long  marches 
thron<^  torritorics  which,  in  onr  times,  would  ecarcely  afford 
foragt)  for  a  Binn:lo  regiment. 

Jt  appears  tlien,  that  the  fairest  and  friiitfalest  provinces 
of  tho  Roman  Empire,  precisely  that  portion  of  terrestrial  snr- 
face,  in  fthort,  which,  about  the  oomnicnctiment  of  llie  (Chris- 
tian era,  waa  ondnwod  with  tho  gronlcst  superiority  of  boU, 
climate,  and  ponitioii,  which  had  been  carried  to  tho  highest 
pitch  of  physiral  improvement,  and  which  tlius  combined  tho 
natural  and  artiticial  conditiouA  Ixst  fitting  it  for  tlie  habita- 
tion and  enjoyment  of  ft<Iense  and  highly  n^iineil  and  cultivated 
jiopulntion,  are  now  completely  exhaiistwl  of  their  fertility,  or 
so  diintnit4hMl  in  prodnctivenem,  aA,with  tlic  exception  of  a  few 
favored  oasca  that  Jmvo  escaped  tho  general  ruin,  to  1m)  tut 
longer  eajiable  of  affording  Bustennncc  to  civilized  man.  If  to 
this  realm  of  desolation  we  add  the  now  wasted  ami  K>lttnry 
eoils  of  Persia  and  the  remoter  HjwI  that  once  fed  their  niillinns 
with  milk  and  honey,  we  ^hall  see  that  a  territory  larger  than 
all  Europe,  tho  abundance  of  which  sustained  in  bypone  centu- 
ric*  a  population  scarcely  inferior  to  that  of  the  whole  Christian 
world  at  tho  present  dar.  has  been  etitirely  withdrawn  from 
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or,  at  best,  is  tliuily  iuhaluted  by  tribes  too  few  in 
nnmbons,  too  poor  in  gnpcrtlunnB  products,  and  too  liltle  ad- 
^-mnced  in  calturc  and  rJie  social  art«,  to  contribiito  anythinj;  to 
ihc  ^ut^rel  moral  or  matcriul  intercstK  of  the  great  common- 
wealth  of  man. 

Qtit$es  of  thU  Decay. 

Tlio  dvcay  of  tbese  otice  floimBliiiig  ooimtines  is  partly  due, 
no  iloiibt,  to  that  class  of  geological  causes  whose  action  wc  eiut 
oeither  retuftt  nor  guide,  and  partly  also  to  the  direct  vjoluiice 
of  htJBtile  hiunau  force ;  but  it  itt,  in  a  far  gr(;at«r  pnj[xirtiou, 
citiier  the  result  of  man's  ij^iorant  dis^'egard  of  the  lawg  of 
luUnrc,  or  an  incidental  con8c<|nciice  of  war  and  of  ci\il  and 
ecclesiastical  tyranny  and  misrule.  Xcxt  to  igiiurance  of  these 
law^,  tlie  j)riiuilive  Bonixx',  the  anisd  o-nMiirmti^  of  the  acis  and 
neglecte  which  Imve  hla&ted  with  sterility  and  physical  decrepi- 
tude the  uoblest  half  of  the  empire  of  the  Cip-mi-s,  its,  tiret,  the  bru- 
tal and  oxhanatin^  dcBpotism  which  Rome  hei-self  exercised  over 
her  conquered  kiiijjdouis,  and  even  over  her  Italian  territory; 
tlieii,  tiic  hufit  uf  tein}K>ruI  and  spiritual  tyrannies  which  bhe 
left  ait  her  dying  ctntse  to  all  her  wide  doininlun,  and  which,  in 
roma  fonn  of  violence  or  of  fi-aud,  still  brood  over  aluKfSt 
every  buU  sulduud  by  the    Homaii  legiona.*      Man    caimot 


*  In  the  Viddlo  Ago*,  foni^nlUm,  &u<l  a  Doniiiul  GbristiAnt^,  vhoM  comip- 
tisM  h«(l  eonrertcd  Uia  moet  bone&ciuit  at  rcUgiotu  into  Uio  most  buiftfnl  of 
mpentitioaB,  |WTp«tn«(od  wtviry  Alnue  of  RomAn  tyrannr,  and  nirt«d  oew 
o|»pf— BOOB  tuul  DBW  mfithods  of  extorticn  to  Ibiuso  inTeatn)  by  older  (kspot- 
imoM,  Th«  biiTdflits  in  quection  fell  most  heavily  on  the  irmvinoct  tliat  had 
bean  loofMit  oofaaiMid  bjr  tho  Latin  nwu,  and  thcaa  arn  tha  portLtnui  of  Eoiofe 
iriMcb  hare  aoAaied  the  grcntost  phyiloal  degntdnticm.  "  Foodatinn,"  says 
Blaniai,  ''was  a  coii<;«QUBtioQ  of  Mx>argvH.  The  paamnt,  rtrfpiivtl  of  tho 
Ueritance  of  hia  fathom,  boeomo  tb«  prnpvrtj  of  IntlexiMe,  ignonuit,  indo- 
knl  mnrtTf ;  ta«  wtm  obligvd  to  ImTdl  fitly  lijn^facB  with  th>;ir  cart*  whenvrar 
lk«7  reqofred  H;  he  laboird  Tor  thfin  [hrcc  dayn  in  tti»  week,  and  iinrrendond 
lo  Umiiii  luUf  the  product  vf  hia  onniin{f)i  during  iho  oth«r  thr«« ;  wilhont 
ftob  oooMot  he  conid  not  clwii)^  his  residonca,  ur  inAiry.  And  why,  Indeed, 
«bonid  be  wish  to  nuuiy,  whvn  he  ooidd  soaroely  save  enough  to  imtintaJa 


■  0&D8B  or  rarsicAL  dscay, 

stros^Ie  &t  ouce  a^iiist  human  oppx«anoD  and  the  dc&tractivo 
fonrcs  of  iuor^'Sinu  imturo.  WIicd  Wb  arc  combiuod  agaiost 
hiiQ,  he  fiuccuitihs  after  a  Sorter  ur  lon^-r  fttrugjrle,  and  the 
fidds  ho  lias  won  fr>»ii  l]i6  pritiicval  wood  relaitee  into  llietr 
oripnal  state  of  wild  and  Inxuriant,  htit  unpn^fitatile  furvbt 
growth,  or  fall  into  that  of  a  dry  and  barren  wilderness. 

hlmMlf  ?  Th«  Albbot  Alcaia  had  tvcDty  thooavid  elaTM,  <aIM  »frf%,  wtio 
tmefagnrvaUacIiwd  toOawtL  Tbi*  m  tbc  pnat  (»uae  of  Uta  iB|iUd«pap- 
oladoD  obMnrcd  in  Um  Uiddl*  Jigtm,  uul  of  tho  prodijciooi  mollitad*  <rf  moo- 
■it<ii«^  wliicli  quKDB  tip  mi  «TKr]F  adv.  It  vu  doobtUsei  s  nllef  to  such 
tnlwnU*  nen  to  find  In  thi  oloijiUn  a  retreat  frooi  oppnwIoQ ;  but  the  hnmui 
mo»  neror  ntffcred  ■  more  cruel  ontn^,  iaduntrj  Deviir  rvceiwd  ft  wound 
better  oalcolfttcd  to  pJonse  tbc  wodil  ssnln  into  the  dai-knem  of  the  mdnt 
Kttiqaitj'.  It  Mifllrw  to  uj  tLst  tbv  pndictiou  of  tiiv  appimw-hlng  cud  of  Ui* 
wolld,  iodtutiioudj  (piTad  bj*  tbc  ntpitdoai  tsoiOcs  nt  ihiit  time,  was  rereU'sd 
witboDt  temu.'^— JZeMflii  dir  FITutvirt  ilu  Cf?mmere4,  p.  190. 

The  ftbbcjr  of  Stiat-Ooniu(n-d<«-Pr6s,  whioh.  fa  tti«  time  of  Chnrlcma^e, 
bad  |i  I  mil  Mil  ■  mQUm  of  aovt,  was,  tlown  to  tbe  Revolatioa,  ttOl  M 
wealtby,  that  tb«  penooal  taoome  of  tho  abbot  mM  .tOO.OOO  Urres.  Tbe  abbey 
of  Salnfr-OeOM  waa  neaxl;  aa  tit^  aa  tbat  of  Safnt-0«xmaui-dca-PH*. — 
Latraoxb,  ^tiumit  liuftilf  dt  h  Frtii>»,  p.  101. 

Csnl  Lottu  Coorier  qoot^a  tmm  La  CnijiVo  the  following  strikiar  pictiir«  of 
tilt  eooditJoc  of  tbe  Promdi  peanotr;  in  bla  tbno  :  *'  Due  mm  Mrtaio  dark, 
lirld,  iiakad,  saabunLt  vriiA  nnbiwlis  mala  and  famale,  acattectd  OTor  llie 
coajit(7  and  atUdicd  to  tbo  ffoil,  wbicb  tbcjr  root  and  turn  orer  vitfa  lodond- 
toblv  pDONnaanoa.  Tbojr  have,  aa  it  wara,  an  articuJato  TOic-«,  aod  wb«B 
&«y  riM  to  tb4<Ir  f<:«i,  tbqr  sImht  a  hotnan  tbca.  Tfaey  aro,  in  fact,  men ; 
Ibarcrwp  at  siffbt  into  dena,  wfaarv  tbi7  lira  oa  faladt  bread,  water,  and  roota. 
Ttmf  apftm  other  man  the  labor  of  pluug-binf;,  aowiufc,  and  barraettn?.  otid 
fibtnlbra  da— rra  aoma  email  abaic  of  tbo  bread  thej  bare  gtown.'^  "  Tbeae 
on  bia  own  worda,"  adda  Ooaiier,  "and  ha  ia  speakinc  of  tbe  fortntuiU 
paoawita,  of  tboM  wbo  had  worit  nod  broad,  and  they  w«r«  ibeu  tbo  ft>w." — 
fiikim  d  ia  GmmAra  da  Jfipmii*  pvur  Ua  fVJagmMM  fue  ten  r»tp^f\fde  d<in§ir. 

Atibur  Xotatg,  wbo  tniir«Uied  m  France  fioui  ITU?  to  17W.  girea,  In  tbo 
tweaty-flart  obiter  of  bia  Travda,  a  bigbt/ul  aooount  of  tha  boidena  of  tba 
mil]  poptibrtlon  even  at  tbat  late  period.  Bcridoa  tba  refpibu'  goverarncnU) 
tajw-K,  and  a  uioltituda  of  brav/  Qnaa  impoaod  for  trilling;  offaDoea,  b* 
•aoioanteB  aboot  thirty  (oisnorial  righto,  the  veiy  origin  and  tiatuv  of  xsne 
of  which  art!  now  nnknown,  while  Iboae  of  aoma  titheit  are  aa  iwp«il«i<ro  to 
hmiynitr  oad  notalicy,  aa  tbe  won*  abowa  eTw  prMiitod  by  beatbon 
nwpiliiiii  But  Toonif  nndecmtaa  tba  onnbar  of  thaae  oppreMiivfl  Itnpo- 
riUooa    Horeao  do  Jon&fcO,  a  htgrhat  authoiUiy,  aoaezta  that  In  a  biiuf  axam- 
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Bikme  ixDpoeed  oa  tUo  products  u£  agi-icultural  labor  iu  tlie 
rural  dibti-icts  taxce  which  tho  &11I0  of  Uio  entire  harvest  would 
fieantvl^V  UUcImrp^ ;  &lic  <lraiiiO(l  theiu  of  their  ^Hipulatioii  hy 
luUitarj  diuwrijilion j  elio  iinix^veriahed  tho  jieaAantry  by 
forced  aad  unpaid  laUvr  ou  public  works ;  she  hanipered 
iudnatry  aud  both  foreign  and  iiitenml  cominerco  by  absurd 
peetrictiuiis  and  uiiwibu  rojjiilHtionK,*  Ilt'uue,  lai^  tracta  of 
land  W(fre  luft  uncultivated,  or  altogether  de^ortiMl,  and  exposed 
to  all  the  destructive  forces  which  act  with  such  energy  on  the 
enrface  of  the  earth  when  it  is  depriviiil  of  ihoiie  protections  by 
whtuli  nature  originally  giiunied  it,  and  for  which,  in  well- 
orderod  husliaudry,  human  injifeiinlty  hns  contrived  more  or  less 
eliiciont  gubaitute*i.t  Siinilar  abuses  liave  tended  to  |>er|>etuate 
and  extend  tliese  eviU  in  later  a^ea,  aud  it  is  but  recently  that, 
cv«u  iu  the  nicut  populous  partb  of  £urD]>e,  public  atteutiou 


iiutioo  be  hud  AueorenA  upwards  of  three  htuklrod  distinct  tisht«  of  tha 
fimilAtoqr  ovfir  Ibe  pctson  or  tbv  proiiKirtgf  of  hb  tuolL  Sob  £tat  iiiOMrmitjut 
«  Sv>.'.i;  itr  la  Pranu,  PAru,  IS7d,  p.  3%).  Uo«&  of  tbeM,  indeed,  had  be«a 
SDCBntnlfxl  fnr  mimnj*  pajmiAiits.  and  wore  Icrictl  on  the  |ieaHantrjr  u  pecunuiy 
(■|HaU  for  tho  l>meflt  of  prelat«a  and  Inv  lordH,  who,  hy  virtae  of  their  tiohU- 
19,  wa  exetnjti  from  taxation.  The  oollectiau  of  tho  toxea  wm  eafotocd  with 
iBOviinitiai;  M;?ont;r.  Ou  otic  ooctLsion.  iu  the  i%ifn>  of  Looi*  XIV.,  the  troops 
aent  ost  opunHt  tho  iscruont  punMUits  lande  more  thau  'AMXt  prisonen,  of  whom 
400  v«f*  TOiidvmnMl  to  the  g'llU'ta  fur  life,  nnr]  u  number  ao  luge  that  tliC 
yyTMuaiPiit  did  not  dura  to  dikcinne  It,  were  bung  on  troeft  or  brolLeo  on  the 
wihtti — MnaaAD  dr  Jo.VNbi.  £/•>'  Kt^tnn^iqHt  ft  Hf/ei-tl  d«  ttt  Ffiiner,  p.  4!iO. 
Wbg  c»a  WDoder  at  tha  hoatiUt/  of  the  l^rcncb  plebeian  claitei  toiranln  the 
arUtAonwi^  in  the  dAjm  of  the  lUiToIatioa? 

"CommeTcc,  Inooramomrith  aUg^nlufitl  ooctipations except  ayricnltnra,  irna 
de^dsml  b^  the  Uanuuu,  and  ttie  exerciw  of  it  wan  torhMden  to  tlie  hi^bfir 
nnka.  Ciooro,  however,  adraita  that  tbooph  retail  trade,  wbtoh  eoold  aa\y 
tffuMixir  tor  lying  and  lunver;,  waa  contemptible,  yet  wbolea&le  oommeroe  vaa 
not  altoiE<etlMr  to  be  cnodeinned,  and  mi^ht  eren  bo  landatla,  provided  the 
netohant  relhrd  oarl;  from  trnde  and  invoiitcd  his  galas  In  farni  htnila. — Do 
OJUA.  Ub.  i.,43. 

f  The  teinponuT  drpopnintion  of  an  rxhanntcd  aoU  may  bn.  In  anme  eaaaa, 
a  phjrsicnl,  thuu;;b.  like  fallovs  in  acrivuJture,  a  doar^boupht  adv&nta^ 
UtMUr  [avomhlu  circmostauoes.  the  vitbdrawi\l  of  man  and  his  Hooka  allowi 
llie  varth  to  bIiUmi  ilaaU  again  with  foroHta,  niid  in  a  few  gBnwmluma  to 
xeeOTOr  it*  ancient  prodiKtiTcneui.     In  the  Uiddle  Affaa,  worn-out  fields  won 
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hftft  been  Imlf  awakened  to  the  necessity  of  pestoring  the  dia- 
tnibefl  barmonied  of  nature,  wltoee  wolI-lMiIanced  inflnenc-cs  are 
so  propilionB  to  all  her  organic  offeprinfr,  and  of  repaying  b:»  our 
great  mother  the  debt  wbich  the  pi-odiirality  aod  the  thrift- 
leKsneee  of  foriiior  ^ncratiuuHi  have  iiii)>iK=ed  n[)on  their  sunccs- 
eort — tlinB  fultillirig  the  a^mmaiid  of  religion  and  of  practical 
wisdom,  to  ose  tliis  world  an  not  abusing  iL 

lieaction  of  Man  on  Nature. 

The  revolutions  of  the  sea<u>n8,  with  their  altematlrms  of 
tetnjH'ralura  and  of  lenglli  of  day  and  ui^bt,  tho  climates  of 
difierent  zones,  and  the  general  conditions  and  movemeuta  of 
t}K^  atmosphere  and  the  seas,  depend  upon  causes  for  the  most 
]>art  oosmical,  and,  of  ctmi-se,  wholly  beyond  our  contn.»!.  The 
elevation,  configuration,  and  cnmiKisition  of  the  great  masses 
of  terre»tnal  surface,  and  the  relative  extent  and  di«tributi(Mi 
of  land  and  waiter,  are  determined  by  geological  inflacuces 
equally  remote  from  our  juriadictjou.  It  would  hence  sccrn 
tliat  the  physical  adaptatica  of  different  portions  of  the  earth 
to  the  UPC  and  enjoyuieiit  of  man  is  a  matter  so  strictly  l»eloiig- 
ing  to  mightier  than  huiuau  powers,  that  wo  can  only  accept 
gec^apbical  nature  a&  we  find  her,  and  be  content  witli  sach 
soiU  and  iiucti  skies  os  she  spontaueoualy  offers. 

But  it  is  certain  tliat  man  bus  reacted  upon  organtzeil  aud 
inorganic  nature,  and  thereby  nKxlidtHl,  if  not  determined,  the 
material  fitracture  of  Im  earthly  home.  Tlic  measure  of  that 
reaction  manifestly  eoubtitulcs  a  very  important  clement  in  the 
appreciation  of  the  i-elntloiis  between  mind  and  matter,  as  well 
as  in  the  discussion  of  many  purely  physical  prohleins.  But 
lliungh  tlio  Bulrjcct  baa  been    incidentally  ttturhetl  U|«ou    by 

dvpopnlBted,  In  muqr  ptfU  of  the  Continent,  by  etvil  and  •celwlaatioil 
Ijmiiliiw.  wliieh  iiutatad  on  tho  mirivDder  of  tbo  tuilf  of  a  lunf  klnnuly  too 
■Boll  to  HiBtalii  its  itratauur.  Thus  kboiukmed,  tiume  UlwIb  oft«i)  r*IapMd 
Into  tbo  fovmt  »t*t«,  uul,  «o«te  G«ntnitai  t»tier^  wen  ng^a  faronglit  aada 
OdJUtBtioD  with  nuoratod  fertility. 
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miuiv  geograpbere.  and  treated  with  mitcb  fulness  of  detail  in 
ngnrd  to  certain  limited  fields  of  hnnmn  effort  and  to  certftiu 
cpecific  cfiecte  of  hninan  ac^titm,  it  hnf-  tiot.  as  a  whole,  go  far 
as  1  kiKtw,  been  ntado  nrnttor  of  sjieirial  olxservation.  or  uf  Iiia- 
torical  researeh,  by  any  Bcientitic  jiuiuiror.  Indeed,  until  the 
ui£aeuL*e  of  gec^rapbical  ootiditiont)  up<jn  hiinian  life  was 
rcCTi^'iiized  aa  a  difitiiu.'t  luujich  of  plulwuphical  iuvesti^vtiun, 
there  wn«  no  motive  for  tlio  pursuit  (if  Buch  BpcL'tdatimiB;  and 
it  vu  desirable  to  inquire  Imw  far  we  Imve,  or  i-an,  Ucfome 
the  architepta  of  our  own  abiding  i>lai-e,  only  when  it  ^"aa 
kno^ni  how  thu  mode  of  our  phyHit-iU,  moral,  and  intellectual 
bcinj;  is  afferted  by  the  character  of  tho  lutmo  wliidi  lV»vi- 
denire  lius  appointed,  and  wc  have  fashioned,  for  our  material 
habitation.* 

It  in  still  too  eai'ly  to  attempt  eeientific  method  in  discussing 
tb»  pruMetn,  uor  is  our  present  store  of  the  necessary  facts  by 
any  means  complete  enough  to  warrant  me  in  promising  any 
tpproiich  to  fiduess  of  statement  resi«<:ting  thetn.  Systematic 
obicrvaliou  in  relation  to  tliis  subject  lias  hardly  yot  be^un, 
and  ihe  (mattered  data  which  have  chanced  to  be  reeonUnl  have 
never  liccn  collected.  It  has  now  no  plaee  in  the  general 
iclK^mo  of  physical  science,  and  la  matter  of  tugge.'ttiou  and 
fi]MX:nUtion  only,  not  of  e6tal)li^hed  and  positlTo  uouclusion. 
At  prcijent.  then,  all  that  I  can  hope  'm  to  exdte  an  interest  in 
a  t»-ii)ic  of  much  ecnnomical  importance,  by  pointing  ont  the 
dircctiims  and  illn^tratiug  the  niifdcs  in  which  human  action 
]xk&  been,  or  may  be,  mo«t  injurious  or  must  beneficial  in  its 
iufiucnca  u]ii'>n  the  physical  eouditionH  of  ihe  earth  wc  inhabit. 

We  <*annot  always  distinguish  Vtetweon  the  results  of  man's 
actiiin  and  the  effects  of  purely  p^logical  or  cosini^^al  causes. 
Tho  destruction  of  tlic  forests,  the  drainage  of  lakcn  and  tnareh- 
es,  and  tho  operations  of  mral  husbandry  and  induAtrial  art  have 


*  Oodj*  AIm*gi  weakte  ntn  ■{eii  troon, 
E»  wim-p  Glk  rolk  een  bwd  ter  woon : 
Ilimi  TCaU«  Zij  ecu  inwt»lf{8bi«<], 
Dat  Zij  ons  wlvea  scbqipca  Hot. 
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isn.i:]2i'CB  or  nocAK  Acnox. 


ouqaestu^nably  tended  to  produce  great  cbangee  iu  the  faygro- 
mctiie,  thcriiionietrit:,  clc<;tric,  aiid  ehemieol  ooudition  of  tike 
atntoepliere,  tlioiigh  wo  are  not  yet  able  to  measure  tlie  force  of 
tho  differout  eleineuta  of  dutiirbanee,  or  to  s&y  how  far  th^ 
have  been  ueutralUcd  by  eaeb  other,  or  by  still  obBcorcr  infla- 
cuceb;  atid  it  is  equally  certain  tbat  tlie  myriad  fomis  of  animal 
and  vegetable  life^  which  cuvered  the  earth  when  man  fir&l  en- 
tered u]^>n  the  theatre  of  a  nature  wtioee  hannontefi  he  was 
desCiued  to  derange,  have  I»een,  through  liia  interference,  greatly 
changed  in  numerical  proptution,  Rimetimcs  mach  modiliud  in 
iorm  and  product,  and  Knnetiiucs  entirely  extirpated.* 


*  Maa  baa  not  unljr  imliTwtoil  the  natural  smknioal  rthlloni  at  wild  m  woU 
M  domertia  quadnipeda,  tab.,  blrda.  reptflea,  inMota,  and  oommAL  planta,  and 
•vcn  of  still  faambler  Iribea  of  aairual  and  viyeuMe  lifv,  but  hb  liat  effeot«>I 
in  the  tomui,  haUta,  natrim«Dt  and  prodiKM  of  tJhe  orgaobiiu  wUch  mJoistcr 
Co  hi*  wanu  and  bia  pleiuiarea,  dianym  trbioh,  mora  Una  any  odur  inaiufcatai> 
lion  of  haman  enei^.  reaemblc  Um  «ierciae  of  a  crcattve  pover.  Brra  wild 
aniniabi  have  Iieen  oonpelliid  hy  him,  through  tb«  det>tniGCioo  of  planta  utd 
Insecta  which  (omUhed  tbdr  proper  alimient,  to  reaort  to  food  beloncii^  to 
a  diSerent  lOBgdaoi  of  natara.  Tbua  a  Kew  Zoaland  bird,  orlsinali.v  pha- 
IroroBB  and  InuctiToiona,  baa  become  eamlToroQA,  from  th«  want  of  it*  naiuml 
snpplfea,  and  uow  taan  the  Qeuooa  fzoin  (be  liacka  uf  ibo  aboep,  in  onlnr  to 
feed  on  their  Uying  flcah. 

All  tbeae  diangaa  have  exerdaod  more  ot  lata  dlioot  or  indirect  action  on 
the  inoigiiaio  Hirfaoe  of  the  globe ;  aul  the  hiKbarj  at  tb«  gtog^raphical  nvo* 
Itttiooa  tbua  produced  would  fnnuah  atopk  material  lot  a  volume. 

The  modificatian  of  oij^aalo  apeele«  hj  doitiMtication  ta  a  branch  of  phUo> 
aopbio  tn()uit7  which  wo  maj  alnoat  MJ  baa  been  created  bjr  Darwin ;  trat 
the  geographical  teMiIt«  of  thcae  modiHcationa  do  not,  appear  to  hare  jet  been 
made  a  nbject  of  KivntiHo  investigation. 

I  do  not  know  that  the  fotlnwinf  pa— a(fe  from  Pllnj  haa  orer  been  Gtlad  in 
oonnfctJoa  with  tha  Darwinian  Ukeoriea,  Iml  it  ia  worth  a  ruft^rcuw : 

*'  Dnt  behold  a  veij  utrac^  and  new  faaliicm  of  thoiu  |cucQinbcnl  In  Cam- 
pane,  for  tliore  70a  ahaD  hare  abundaiwa  of  thon  come  up  in  forma  of  a 
Quince.  And  aa  I  heare  my,  one  of  Uiem  channoed  ao  to  grow  fintt  at  ■  ver^r 
ventarv ;  but  afterwarda  from  the  wmiI  of  (t  cKin«  a  wholv  raoe  and  progmte 
of  the  like,  which  therefore  tbvjr  call  Hclvpupvn<-«,  aa  a  nuui  would  aaj.  the 
Qoiooe-iMiaipioiia  or  oucombMi.*'— Pumr^  JfaL  UitL^  IBbJJand**  translation, 
book  xijL.,  o.  5. 

The  word  euamaU  owd  in  tho  original  of  tills  pawgr  embrxcea  many  of 
tbe  OQcurbitaoew,  but  the  context  ibowa  that  it  here  meana  the  cucumbcc. 
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deal  revolutioiiB  thus  wronght  by  man  have  not  in- 
deed all  becu  de^tructivo  to  human  iutcrest^  aiid  tlic  hc-aviest 
'  blows  ho  Ims  itillicU.*(I  upon  iiaturo  havo  not  been  whuUy  with- 
Lwit  their  eoniponf-alionB.    Soils  to  which  uo  niitritlutis  vcgo- 
)#»  iiidij;eiioii8,  eouutriefl  whioli  once  brought  forth  but 
it  products  suited  for  tho  siutcnaiico  and  comfort  of 
[tnan — while  the  eeverity  of  their  climated  created  and  stimu- 
'lati-d  the  greutcst  nmnher  and  tlio  iiKwt  iimierious  urfjency  of 
phy&irul  wants — surfaces  the  mctet  rugged  and  intractable,  and 
least  blessed  with  natural  facilities  of  communication,  have 
been  hroaght  in  niodcni  Uuiee  to  yield  and  distrihnt'e  all  tliat 
•opplios  tliv  material  ucces^itics,  all  that  contributes  to  tlic  sea- 
itoonft  enjo^oneiits  and  cnnvonicuucs  of   civilized  life.      The 
iBe^tiiia^  the  Thule,  the  Erifain,  the  (icrinany,  and  tlie  Gaul 
vlJtdi  the  Koman  writers  describe  in  such  forbidding  termg, 
havu  been  brought  almost  to  rival  the  native  luxuriance  and 
eaiily  won  plenty  of  SonUiern  Italy;  and,  while  the  fouiitainu 
of  oil  and  wine  that  refi-eshed  old  Greece  and  Syria  and 
Kt'Ttlieni  Afri(.-a  have  ahnt;st  ceased  to  flow,  and  tlie  itolU  of 
tbo^  fair  laiidA  are  turned  to  thirety  and  inhut^pitablo  de&ci'ts, 
tbe  hyperborean  regions  of  Kiiro|>e  hare  learned  to  contpier, 
'or  ratlier  compensate,  the  rigors  of  climate,  and  iiave  attained 
to  a  material  wealth  and  variety  of  product  that,  with  all  their 
natoral  ailvuntagei^,  the  granarie^j  of  tliu  ancient  world  can 
Itardly  be  said  to  have  enjoyed. 


Observation  of  JVatvre. 

fn  these  pagc«  It  is  jny  aim  to  etimulate,  not  to  satiDfy,  run- 
(«)ty,  and  it  is  no  part  of  niy  ubject  to  save  my  readers  the  labor 
of  obftervation  or  of  thought.    For  labor  is  life,  and 

Death  Uvea  whci-c  power  hvct  udubmL* 

Self  is  tho  schoolmaster  whose  lessons  are  best  wortli  his  wages; 
and  since  the  snbjoot  I  am  consideriug  has  not  yet  lH.Hx)nie  a 

•  T«MB  addnMed  hy  0.  C.  to  Sii  Walter  BAleigh.— Haklcyt.  i.»  p.  60a 


13 


OBfiEBTATIO^  OF  KATTTBS. 


branch  <^  formal  iastractiou,  Uioee  wlium  it  may  interest  can, 
fbituiiorelv,  have  no  pedagogue  but  thoinsclves.  To  the  natu- 
ral {>hili«ii{>lier,  the  de«t:ript)re  poet,  the  painter,  the  futulptor, 
and  indeed  every  earnest  oli«erver,  tlic  {Ktwer  most  important 
to  t-iihivntc,  andf  at  tltu  »ime  time,  hardest  to  acquire,  ii  lliat  of 
ficciiig  wliat  is  before  liiiii.  Sii^'lil  tn  a  faculty  ;  »MH:iiig,  an  art. 
llio  eye  is  a  physical  but  not  a  self-acting  ftj>]>anilu£,  and  in 
general  it  sees  only  what  it  neeke.  Like  a  min-or,  it  rctlectB 
objects  prc&cntcd  U}  it ;  but  it  may  be  a.s  iii^ti^ble  as  a  niiiTur^ 
and  nc^t  conscioiiftly  |*rceive  what  it  rellccts.* 

It  Ima  been  nmliilaiui'd  by  ht-(b  aulliority,  ihat  ihc  natural 
attuletie^i^  of  oin*  ^ni>n(jU6  fauiihles  cuinuit  bo  hcig)it«iied  by 
tise,  and  lu>nee,  Ihst  tlio  niinntcet  details  of  tlie  image  formed 
on  the  reiiua  are  aft  perfect  in  the  most  nntraiued  as  in  the 
most  tliorongbly  disciplined  organ.  This  may  be  qncstioned, 
audit  i&a^-ecdonall  bands  Uiat  the  power  of  mnltifnrious 
jKTi'fjition  and  rapid  discriniinaiion  may  bo  iimiiousely  in- 
creaw-d  by  well-dirocted  praetice.t     This  eserciee  of  the  eye 

* 1  troer,  nt  Synota  Sandii  er  lagi  l  dl«t, 

Item  detU  knn  er  IlwIaVal).     Kynet  Mrunuaer 
Fm  SjniBiui  r>>b,  ug  Oi«t»  fioe  Nttrver 
Ouw  nd  fra  BJcnuM  h^mmiiligs  Yurksef^. 

HaxntE  Heatk,  Ktmg  BaWi  Datter,  m.  U. 


Id  the  nutem]  vyo,  700  Ibiok,  ngbt  lod^Lh  t 

The  cj/€  b  but  an  organ.     JStting  atrc«Rieth 

Fnmi  the  iHmVa  ituuoot  ileptfaB.     Tbn  Sdd  potoeptire 

Ncn-«  «pnn([cth  frou  tb«  bnin'R  mj^Btcnoua  woiluhop. 

f  Skill  in  moikinnuuklp,  whether  wiUi  ftnwcuui  or  witJi  othvr  projectile  1 

poiui,  dc[icni1*niorcHp«&tlictrah^in]fof  th«  cj'c  tlunbg«iiiu«Ujrmpp'>"Al.  luul 

I  ttAM  i)f  ten  fdum)  pArtitiulurly  ^nKHl  ahota  to  po««^  an  almost  tolfticopic  vwiM), 

Id  tbe  onliaarj*  QiO  of  the  Hdv.  lb«  barrvl  u  (fui'^cd  bj  tho  oy«,  dut  then  «re 

tpatt«nc3i  who  Ore  with  the  bnt:  uf  tho  gan  at  thu  hip.     lo  this  oow,  oa  la 

tlw  nw)  of  the  tiine,  (bo  U»o,  aad  the  boliut,  in  hurling  tho  kaif<  {mv  Baiu- 

KET.  l-fttftrttit  vii.,  p.  84),  in  tbniwUig'  the  buouicrmn^r,  tbe  jsvoUn,  or  •  vtono. 

Rod  m  tlio  cmptoTncnt  of  tbe  blowpi|>o  and  tho  bow,  tho  morenumt*  of  tb« 

hud  and  um  am  guided  bf  that  m^toiunu  qnapatbj-  which  oxiats  botwoca 

lb*  «yo  aiid  tlie  unaoeingc  organa  of  cba  bodjr. 

**  Bone  man  wondar  wt^e,  hi  laatiBg  a  mon'i  070  at  tbe  msiko,  the  band 
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1  desire  to  promote,  aud,  neNt  to  mural  iiiiil  reliiriuus  tlnctriiie, 
1  know  no  mora  important  pradtcut  lesKuiiH  in  this  curllily  Itfo 
of  ours — whiuli,  to  the  wise  mnn,  is  a  school  from  the  cifulle  to 
th«  gmre — tbaii  thui»e  rehitiug  to  tlie  oiiiploymeut  of  tlie  sense 
of  risiuD  in  the  gtiuly  of  nature. 

Tlic  pursuit  of  phjtfical  geography,  embracing  nctiml  olwwrva- 
tioii  iif  tcrrtfelrial  Mirfui*,  afftH-Us  to  tlie  oye  tlic  Iwist  general  train- 
ing that  is  sceessihle  to  all.  The  majority  of  even  cnltivated  men 
hftTB  not  the  time  and  means  of  acquiring  anything  l>eyond  a 
Ten'  snpcrticial  acquaintance  with  Rny  branch  of  physical  laiow- 
Icdge.  Xalnnil  science  hasliocome  bo  vastly  extondc*!,  its  re- 
corded fact;*  and  its  mianswenid  questions  so  inimensely  multi- 
plied, tliat  every  strictly  scientific  man  must  he  a  f^tedalist,  aud 
confine  the  Tescarchcs  of  a  whule  life  within  a  comparatively 
narrow  circle.   The  study  1  am  reeomineiidiug,  in  the  view  I  pro- 

•bonkl  ([o  fftnlghte.  Sarvlj- if  h«  co»iiider&(i  the  iifttnro  of  nmftn'soj'o  be 
vouli]  out  wonder  «t  it:  fur  tliUI  nm  cvTtnfnc  of,  that  uo  Bcrvniint  to  bis 
Buiiiter,  no  childe  to  his  fntber,  Is  k  otwdient.  as  ereiy  jojrate  and  pecoe  of 
the  bodye  bi  to  ilo  whatoover  the  eja  biddea." — BoaEH  Aeduu,  TatapAibu, 
BoufciL 

In  kbooUng  tbo  tortolsn  of  bbo  AniKzon  w«1  lis  trCbutaries,  the  Indiaaa  nao 
an  arrow  vUb  a  loos'  tmia»  aud  a  float  attached  to  iU  ArS-L^«iuaut  ^Die 
Omuttunf  da-  t^imfn  am  AmasvNimttrvm,  p.  K!)  (bos  dsaciibee  their  mode  of 
■IibIiik:  "A«  the  arrow-,  if  aimed  directlf  at  tbe  floating  tortoba,  would  strOce 
U  at  a  ntuU  angle  and  glance  from  ite  flat  and  vet  abcU,  tb«  ansbcxa  bava  a 
paentUr  mAtbod  of  shooting.  Tbe^  are  able  to  calculate  exactly  tbrir  own 
nniRialar  filfoit,  tbo  vduuit;  of  the  stroiun.  tbo  dfstanaa  and  buc  ot  tbo  tor- 
toba,  and  ihty  ihoot  the  arrow  directly  tip  into  tita  sdr,  ao  cbat  it  falls  almo«t 
iwcticalljF  opon  the  abell  of  tbo  tortoise,  aud  etidca  in  it."  Analopnu  colcola- 
tioiM — If  soch  pbj^oo-nicntnl  opcistions  can  propetly  be  ao  called — are  made 
ia  iba  nxe  of  other  miasilus ;  for  no  projeotilQ  Qiaa  in  a  righb  lino  to  its  mark. 
Bm  the  cxzrt  iT^Uiixig  of  the  eye  ttea  at  tbe  bottom  of  tliem  all,  and  maria- 
manahip  depeikli  almost  wboU;  npon  tlut  power  of  that  oigan,  wb(«n  diioo- 
tloBs  the  blind  mnaclee  implioitljr  follow.  Bavagea  aeeostomed  only  ta  the 
oaa  of  tbe  bow  become  good  sbota  with  Sreams  after  naj  littl«  pnctioe. 
It  is  jMrbaps  not  ont  of  plaoe  to  obderra  here  that  oar  RnRliab  wont  <wn 
oomes  from  tbe  Latin  orttmo,  I  calculate  or  eatimato.  &cc  Wedgwood's  ZHo- 
Unuirjf  of  &tgii»h  £tjfirwioffj/,  and  the  nolo  to  tbe  American  nUUon,  under 
Ma. 

Another  proof  of  the  control  of  tbo  Hmba  hf  tbe  cjpe  baa  been  observed  in 
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pose  to  take  of  it,  is  yet  in  that  imperfectly  developed  stato 
wliich  allows  ita  votariee  to  occupy  thoineolves  with  bntfid  and 
general  views  ftttaiiidMe  l<y  every  i>cr6mi  of  culture,  and  it  doea 
not  now  re«inire  a  knowledge  of  special  details  which  only  yean 
of  application  can  maetcr.  It  may  ]>e  prt>tltably  pursued  by 
all ;  and  every  traveller,  every  lover  of  niml  eeeut'ry,  every  ayri- 
eulturist,  who  will  wisely  use  tlie  gift  of  sight,  may  add  valuable 
contrihiittonfi  to  the  common  otock  of  knowledge  on  a  Biihjoct 
which,  as  I  hope  to  convince  my  readers,  th«iip;h  long  negh^cted, 
and  now  inartificially  presented,  is  not  only  a  very  irapoilant 
bat  a  very  interesting  field  of  iixpiii^. 


Mea^tiramml  of  Man's  It^um^te. 

The  ertact  measurement  of  the  geographical  and  climatic 
cJiuugcs  hitherto  cifccted  by  man  is  impracticable,  and  we  po*- 
sen,  in  relation  lo  them,  the  means  of  only  qnalilative,  not 
qiianlitative  analysis.   The  fact  of  such  revolntions  is  established 

dskf-«nd-duab  kAiooIs,  »ncl  nthcn  where  irapQa  arc  Unit  tatight  to  write  oa 
luge  itmtia  or  hiaAhoia^/L  The  wtWt^  In  In  U)g«  dumuteri.  the  mull 
leliBtm  htiag  «n  ioeh  or  morA  high.  Tfaey  are  fnnaetl  with  (dulk  or  »  •late 
peoeU  Bnnlf  grasped  in  the  Angen,  and  by  approprtate  motiooa  of  tba  wrlak, 
dbam,  and  abottlder,  not  of  the  Aagur  foSntt.  MerertheloM,  when  a  pen  la 
pat  Into  thft  hand  of  a  pnpil  thus  tanfj^fat,  hia  handwriting,  fehongh  pmdnc^d 
hj  A  totAlIf  ditTnnnt  ni^l  of  muK-JM  and  mnKtilar  niOTRiDenls,  ie  idnutiial  in 
ehiirncDer  with  thafe  whidi  h«  luui  piaotiaed  on  the  hla^kboatd. 

For  a  Ter7  remarkabls  aoeonat  oF  Uw  rentoRition  of  viilfNi  impotml  from 
aj{«,  by  jodldioat  training,  aae  Vtmona  in  Ij^a,  by  Tixotht  Trrcown,  )m- 

It  haa  been  mnch  doabtod  whatfaer  tlie  aftijita  of  the  daade  agaa  poawHSd 
a  more  p«[f«ct  aight  thaa  thoao  of  modem  tiniM,  or  whether,  in  execnllng 
their  ninnto  moaaica  and  gent  engnvingn,  they  naed  magnlflfin.  OUaaw 
grouui]  coiiiT«x  hsTe  beca  foond  at  Pompeii,  but  they  nra  too  rudelx  faafaiooed 
and  too  imperfectly  poUnhed  to  hftro  been  of  any  practical  nae  fbr  optical  ptu^ 
pOM*.  Bat  Utongh  th«  aaclant  ortuta  majr  hare  had  a  miooaoopio  vialon, 
tbdr  Bstroooinets  cannot  hare  had  a  trltanoplo  power  of  night ;  for  tbcy  dSd 
not  diaoOTox  tfaa  aateUilM  of  Jnpher,  which  ani  oftOD  aoea  with  the  naked  eya 
at  Oonse«ah,  in  Ptnia,  and  aoinctimoi,  aa  I  eaa  toatU;  bj  peraooal  obaerra- 
tiOQ,  atOaica 
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partly  hy  historical  evidence,  pfirtly  by  analogical  dednction  from 
effects  produced,  in  our  own  tirno,  by  o[H;rati<m8  similar  in  cha> 
nctor  to  those  which  mutt  liavu  taken  pla*^  in  more  or  leae 
rcinute  Affee  of  human  action.  Jtoth  Botirces  of  iufunnntion 
are  alike  defective  in  precision ;  tlie  latter,  for  general  I'eaKiTA 
tixi  (ihTiotts  to  re*i»ire  epccUieation ;  tlie  former,  because  the 
i%cU  to  wliich  it  bears  testimony  ocLMu-red  before  the  Iiabit  or 
the  means  of  rij^Tonely  scientific  obgei-ration  upon  any  branch 
nf  physiral  research,  and  especially  upon  cliuoatic  changes, 
existed. 

Unoartahdy  ofowr  JIistoruYil  Coitdti^ions  on  Avcient 
Climates. 

The  invention  of  moasnroR  of  beat  and  of  atmoBpheric  mota- 
tnre,  prefmue,  and  precipitation,  is  extremely  recent.  Hence, 
imcieut  phwicisla  have  left  qb  no  thcnnometric  or  barometric 
pei-ords,  nu  tables  of  the  fall,  evapomtion,  and  flow  of  waters, 

,  and  eren  no  accurate  maps  of  coast  lines  and  the  conrgc  of  rivers. 
Tbotr  notices  nf  llusc  phenomena  arc  almost  wholly  confiiied  to 

"esoecnve  and  exceptional  ingtancca  of  higli  or  of  low  torapera- 
tnns,  extraordinary  falls  of  rain  and  enow,  and  untisnal  floods 
nr  drouphU.  Our  knowledji;e  of  the  mnto(BX>liij^ical  condition 
of  the  eartli,  af  any  perif»d  more  tlian  two  cenhiries  l>eforo  oar 
own  time,  ie  derived  from  these  imperfect  details,  from  the 
vkgne  statements  of  ancient  historians  and  geographers  in  re- 
gard to  tJie  volume  of  rivcre  and  the  relative  ejitcnt  of  forest 
•ml  cultivated  laud,  from  the  indications  furnished  by  the  histoiy 
ef  tlie  agricultore  and  rural  economy  of  [last  eenerations,  and 
fn»ni  other  almoBt  purely  casnal  sources  of  information.* 

*  Tho  mbiector  clirantio  ohongSt  vitli  and  iritiiont  rcfcr«nc0  ta  human 
Mtuo  M  ft  ouue,  liu  tMen  rnnch  lUsciuiee^I  by  Moresn  de  Jonnfv,  Durean  tie  U 
Utile,  AmgO)  TlnnifaoUt,  PnsUir,  Gk«|)artn,  Bccqucrcl.  Sclilinden,  and  maajr 
oOur  WTiten  ia  Uoropft,  and  bj-  Noab  \^'clMter,  Forrj,  l>inkc.  and  oUien  in 
•MnaAoh.  FiaoA  hui  cndeavori'd  to  show,  b?  tho  huttory  of  vtigelation  In 
Grecoe,  not  merclj  tbat  clcoiiiig  imd  ctUtivatiun  bAve  ofleoted  olmuU«.  but 
thftt  duuige  of  otiinMo  Iiaa  DMcntUUj  modified  the  cbanctct  of  regetAblt  llfo. 
5««  his  EUma  xtnd  P/UtntnttrU  in  (kr  Zdt. 


16 


CONCLUSIONS  OSf  ANCIENT  OLOLXTES. 


Among  thefle  latter  we  must  rank  certain  newly  laid  open 
fields  of  inve&ti^tiou,  fivui  which  facts  beariug  on  the  ^xiint 
tiow  under  consi deration  have  been  gatlicretl.  I  allude  to  tho 
difluovorj  of  artificial  objects  iu  geological  formations  older  tlian 
any  hitherto  recogni?^  as  cxliibiting  traces  of  the  exifitenco 
of  mail ;  to  the  ancioiit  lacustrine  habitations  of  Switzerland 
and  of  the  tcrrcjruire  of  Italy,*  containing  tho  implemonbs  of 
the  DccnpanU,  remains  of  their  fo<xl,  and  ulhcr  relics  uf  human 
life;  to  the  cnrions  revelations  of  the  Kjokkenuioddinjfer,  ur 
hcapg  of  kitchen  rofnEo,  in  Denmark  and  elsewhere,  and  of  tho 
peat  mosses  in  the  fame  and  other  northern  counti-ies ;  to  tho 
dwellings  and  other  evidcncea  of  the  industry  of  man  in  remote 
ages  Bonictinies  Uid  bare  by  the  movement  of  eand  dunes  on  the 
ooasitt  of  Franco  and  of  tlie  North  Sea ;  and  to  tho  facta  disclosed 
on  the  tide-washed  flatH  of  the  Intter  shores  by  e.vcavatiiiits  in 
nalligs  or  inhabited  mounds  which  wore  probahly  raided  before 
the  era  of  tho  Unman  Einpire.+  These  remains  are  memorials 
of  rat-es  wliich  have  left  no  written  records,  which  perished  at  a 
period  tieyotid  the  ni-ach  of  even  hietorit-al  tnidilioii.  The  plants 
and  animaU  tliat  furnished  tho  relics  found  in  tho  dc^KisitA  were 
certfliidy  coiiteniptiniiiecus  with  man;  for  they  are  assuciuted 
with  hi*  works,  and  have  evidently  serve<l  his  uses.  In  some 
caf^es,  the  animals  belonged  to  species  well  ascertained  to  he 
now  Hlfn;j<-tlicr  extinct ;  in  whiic  otliero,  both  the  aninmlft  and 
tlie  vfgctubh's,  thoiigli  extant  cliiiowhere,  have  ceri^ed  to  iulmhit 
tho  regtonH  wliero  their  remains  are  discovered.  Fn>m  tlie  char- 
acter uf  the  aitificiat  objects,  as  cohiiwii-mI  with  othuni  Iwlong- 
in;;  tu  knuwn  dates,  or  at  least  to  known  (icrioda  <if  i-iviliza- 
tion,  ingeniuud  inferences  have  been  drawn  as  to  then*  ago ; 
and  fmm  tlio  vegetable  remains  which  nccuinpaiiy  them,  as  to 
Uie  climates  uf  Central  and  Northorn  Europe  at  the  time  of  their 
production. 


*  Sm  Iwti  Itrnmni  lutioln  bjr  Plgorini,  in  Uio  Suara  Anlt^pffia  for  Jsnoaij 
and  October.  IH70, 

f  For  «  rarj  ^otaraqo*  deMri|itlaa  of  the  Hollig*,  B«e  Puar,  2f.  S.^  Book 
xri.,  c:  L. 
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niere  are,  however,  sonn^ea  of  on-or  which  have  not  nlwayg 
lK»en  ^nfticiently  guarded  against  in  making  these  cstiinntcs. 
W!;en  a  IkwI,  comix-iMrd  of  Bcwral  pieces  vt  wood  fastened 
t<:»ptthcr  hv  pins  of  tlio  wiiiio  material,  is  dii»  out  of  a  lrf>g,  it  is 
iiifrrn-d  timt  the  ve&!M_'l,  liiid  the  ekeletons  and  Jmjiktm'nta 
fiiund  with  it,  lictong  to  an  a^  when  the  nse  of  iron  was  not 
Itnowu  to  tlie  biiiklere.  Unt  tliis  eoneliwiou  Is  not  warranted 
by  the  fiimplc  fact  that  nietali*  were  not  employed  in  ite  cnn- 
stmetion;  for  the  Kiihianii  at  this  day  build  boats  large  enough 
to  carry  half  a  dozen  [wrsons  (u-i-oss  the  Nile,  ont  of  small 
pieces  of  aeaeia  wood  pinned  together  entirely  \vi;h  wot^ien 
bolta,  and  large  rc»iel&  of  similar  ctmstnietion  ai'Q  used  by  the 
islandcre  of  t!ie  Malay  arehi]>olago.  Isor  is  the  occtirreiiee  of 
fliut  arrow  heads  and  knives,  in  eoiijniietion  with  other  evideiicci 
of  btimnn  lifo,  eonelusivc  proof  as  to  the  anti<)nity  of  the  kitcr. 
!,yel!  iiifnnns  us  that  some  Oriental  tnbcfi  still  et»iilinue  In  use 
he  same  Btone  implement*)  as  their  aneestoFB,  "after  tliat 
mighty  empires,  where  tho  use  of  metals  in  the  arte  was  well 
kQcnm,  had  llotirished  for  three  thousand  yeara  in  their  neigh- 
borhood ; "  *  and  tlie  Xorth  American  Indians  now  inainifaeturo 
weajKina  of  atone,  and  even  of  glass,  chipping  them  hi  tho  latter 
ont  of  the  Iiottoms  of  thick  bottle?,  with  great  foRnity.+ 
AVe  may  also  bo  mi&IeU  by  our  ignorance  of  the  commorL-ial 
rehitions   existing  between   aavage   trilw*.      Extremely  nido 

*  AtOiguitji  ef  Maa,  p.  377. 

f  "  Ou«  of  the  iQdiiuu  acatod  hlmwlf  D«iir  me,  and  mad«  from  a  fia^nwiU 
of  qo&rti:,  with  ik  simpli)  piece  of  tounJ  hoao,  oaa  and  at  wlilch  mvt  bnni- 
•idwtieAl,  with  a  smiJl  cTfOM*  in  it  (m  if  worn  byathrtMvii  thn  Kixt«cut)i  otan 
ia^  daep,  in  orow  bead  which  wma  yory  sharp  and  piemHj;,  and  mich  on  they 
■M  on  *ll  Ih^r  Krrowfl.  The  tkiU  and  lopidi^  with  which  it  wm  mado,  wiUi- 
out  a  blow,  bat  bv  aimiily  brealdng  the  sharp  edges  with  the  oreaand  bona  hj 
tfM  atzeagth  of  hia  biuida— for  tha  creaae  merely  »erv«d  to  parent  Lhv  iiuLnf 
■ent  fram  slippinK,  affording  no  leveraf:* — iraa  rf.mtitka.hlf!."^ KeporU  ff  A>- 
pbrtttifni  Olid  Stinvjfg  for  Pa/ifr-  li/tUrotid,  toI.  ii.,  1855,  limt.  BrcKWTTll'a 
^Mtftri,  p.  43.  Aee  aba  Ammean  IfaturatiMt  tot  May,  1H70,  and  eepeotaliy 
/Vnt  (7M)M,  LothAool,  1870,  pp.  77  et  eeq. 
■aiiottQ  Bqr  lately  aaw  an  Egyptian  barber  ihave  the  head  of  an  Arab  vUfa 
kflfninaDr. 
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TiaHons,  In  spite  of  their  jea}on$ioe  and  their  p^petnal  wars, 
Boinctiracs  contrive  to  exchange  tlio  products  of  pponnccs  very 
"Widely  ecpiinttc-d  fi-oin  each  rilher.  The  moiimU  of  Ohio  con- 
tain pearlSf  tlinught  to  be  marine,  which  iiiiist  have  come  from 
the  (iulf  of  Mexico,  or  perhApe  even  from  California,  and  the 
kni\cs  and  pii>es  found  in  the  same  ji^ve*  are  often  fonncd  of 
far-fetched  material,  that  was  natnrall}-  paid  for  by  eturie  home 
product  exported  to  the  locality  vheni-e  the  material  was 
derived.  The  art  of  prei»erving  lihb,  tle*h,  and  fowl  by  djying 
and  smoking  is  widely  diffused,  and  of  preat  antiquity.  The 
Indians  of  Long  Island  Sound  are  said  to  have  carried  on  a 
tmdc  in  dried  shell  fish  with  tribes  residing-  vorj'  far  inland. 
From  the  carli(^t  ages,  the  inliabitants  of  the  Faroe  and  Orkney 
lKland»>  and  of  the  opposite  mainland  ooastit,  liave  smoked  wild 
fowl  and  other  fleali.  Ucnce  it  i^  possible  that  the  animal  and 
tlie  vegetable  food,  the  romain^  of  wliicb  are  found  in  the 
ancient  deixwita  I  am  speaking  of,  may  eomctimes  have  been 
bi*onj;ht  frujn  climates  renicrte  from  thnt  where  it  was  consumed. 
The  most  important,  as  well  ae  the  most  trustworthy  con- 
olusions  witli  resi>ect  to  the  climate  of  ancient  Europe  and 
Asia,  are  tlioae  drawn  from  the  accounts  given  by  tl»e  classical 
writers  of  the  growth  of  cultivated  plants;  but  these  are  by  no 
mentm  free  f^m  uncertainty,  beoauso  we  can  seldom  he  sure 
of  an  identity  of  sj>ecioft,  ahnost  never  of  an  identity  of  race  or 
x'ariety,  lietween  vegetables  known  to  tlie  agriculturists  of 
(ircece  and  Rome  and  those  of  modem  times  which  arc  thought 
most  nearly  to  resemble  them.  Besides  this,  there  is  ulwaj-s 
rooni  for  doubt  whether  tlie  habits  of  plants  long  grown  in 
different  countries  may  not  have  been  so  clmnged  by  domestica- 
tion or  by  natural  selection,  that  the  conditions  of  temperature 
and  humidity  which  they  reqnired  twentj'  centuries  ago  were 
different  from  those  at  present  demanded  for  their  advan- 
Ijigeons  cultivation.* 

*  Pfobkbtr  DO  Dultivmted  Tegctahia  affonls  K>  good  ui  oppoitUDit7  of  ttndjr- 
taf  tba  laws  oF  acellmatioo  of  plants  m  m^a  <  r  iDdian  oorn.  Hiuze  is  grovn 
from  Ihc  tiopioi  to  at  lesat  lat.  4V  in  NortlieMt«Tii  Aiacric*,  and  fartbcr 
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£%-en  if  we  supposo  au  identity  of  epecies,  of  race,  and  of 
ibit  to  be  eatablishod  between  a  f^iven  anrieut  and  modem 
rfant,  the  negative  fact  that  the  latter  will  not  grow  now  where 
fluurUIied  two  thousand  yeni-s  agi:>  does  not  in  all  cases  prove 
a  cluuip:)  of  climate.  The  same  result  might  follow  from  tlio 
^exhaustion  of  the  soil,*  or  from  a  change  in  the  quantity  of 
store  it  habilually  contains.    After  a  district  of  eoiuitry  has 

north  m  tIttroi»e.  Etut  two  or  three  degrees  of  ktitiule  biinp  50U  to  k  naw 
Btjr,  with  new  elimaelo  wlaptAtionx,  nnd  tlio  onpAoity  nt  the  plant  to 
ioilAt«  itMlt  to  xi«w  oooditioiui  of  tempeiotara  and  naauu  M;«aui  oliaost 
■it«d. 
Kmdj  jwnoiui  now  liriiig  r«iD«inbor  that,  when  tlis  cumiaou  tomato  wu 
>  intTodnoal  into  N'orthom  "Sew  Btigtand,  U  often  failtitl  to  rlp^n  ;  bat,  in 
coarae  of  n  vtiy  tw  jtaa,  it  cutnpletsly  ndnpted  itself  to  tlia  clloiata, 
.  DQW  not  oulj  mature*  botli  iC*  Trail  aud  iU  seeds  with  aH  roiidb  esrtninty 
■•  Mij  Qoltiratod  nyetablo,  but  rt^nlMclj  pzopngstca  iUcLf  by  self  •sown  aeod. 
Metconlogienl  obacrvntiuna,  huwcTor,  do  not  ahow  aii;  nxnclioration  of  tli« 
nunnMr  dthnate  in  tbon  Sta'.«a  within  that  p«tiod. 

li  suij  b»  Mid  that  tb«iw  onMw— imd  indeed  all  ooeee  of  a  supposed  ncdima- 
Hoa  couditiag  ta  phyiiologioal  oluuigM— are  toatnoiMBof  the  ocigisntioa  of 
■Mr  vMirtlaa  fajr  natural  aelEcUon,  tha  bsknUer  maise,  tomaw,  and  other 
Mgatntilaa  of  tb«  Nortl],  boiog  the  proirenj  of  aeeds  of  indinduals  endgwetl, 
lionalljr,  with  ^r^tcr  power  of  rr«i(ttJnc  cold  than  belong  in  geocral  to 
I  apMlM  which  prodooed  them.  But,  ao  far  as  tha  ovidenoo  of  ohan^  of 
B,  from  a  diffeirance  in  Tegctablo  growth,  is  wmccmed,  it  i«  immaterial 
w«  adopt  thu  view  or  maiuttun  the  older  and  more  familiar  doctriiio 
d  modification  of  character  in  tho  planta  in  qaostion. 
I  and  tho  tomato,  if  cot  now  to  hamas  nse,  bava  not  beta  long'  known 
to  dTiliintion,  and  woro,  reij  proliiLblj-,  rcrlsimRd  and  domeaticated  at  a 
modi  mont  recuit  period  thiui  the  i>laiit«  which  form  thegrool  at«plesof 
■griaaltnral  hiutbantlr^  in  Europe  and  Aaia.  la  tho  groat  powor  of  nooonunodA- 
tiOD  to  clinta;«  poa^MKcd  bv  them  due  to  thia  clronmstance  f  Thore  is  some 
tmmn  to  eajipOMs  that  tbo  cbamutcr  of  maiio  li&a  licen  eeiiaibly  changed  bj 
«Blti«atiua  in  South  Auarica  ;  for,  aAcording  to  Tscbuili,  th«  enn  of  tbta  i^raiu 
CooihI  in  old  Peruviau  toiuha  belonjf  to  varietiea  not  now  known  In  Pern. — 
in  Peru,  chap.  Til.  Baa  important  olaervationa  in  ScnOnEiXR,  Di« 
Norwscna  {ABgtmiifur  Thai),  Chriatiaoln,  1ST3,  77  and  foHow- 

Th«  cnltiTBtiua  of  maddor  is  said  to  have  been  introduced  into  Enrope 

'  ID  Oriental  in  tlie  jnwr  17U5,  and  it  waa  fint  pluit4.-d  in  She  udi^'hbochood 

ATignco.    Of  ooniae,  it  hoa  been  grown  in  that  diotriat  for  Icju  than  a 

ttBlJ  ;.faae  upon  soils  where  it  has  been  a  frequent  crop,  it  i»  alraaJj-  toeing 
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been  completely  or  even  partially  cleared  of  its  forest  gmwth, 
and  brotight  nnder  clUti^'atiou,  the  drying  of  the  soil,  under 
favorable  circumBtacicert,  goes  on  for  generationa,  pcrlin[w  for 
ages.*     Ill  oilier  cases,  from  injndicimis  InifilijindrVjOr  tlic*  iliver- 


Kincb  «f  iu  oolorfngprotMutlos.— Laveruxb.  tooiwmit  BitraU  de  ia  Fran€$, 
pp.  2:.IM21)1. 

I  lKli«r*  tb«r«  i«  oo  donkt  th&t  tbo  euItinUon  of  miuldoT  in  the  riciniEy  of 
Avignva  U  of  rcoant  iutiodaotiou ;  bat  it  U  oerUin  that  it  wa«  i^rowii  b;  tli« 
indent  Boniiiu,  tad  ttuoiighoiit  Juemtiy  oU  Europe  in  the  middle  aee«.  The 
Bladder  brought  from  Penia  to  Frutoe,  ma;  belong  to  a  diHereot  epcdes,  or  at 
lea«t  varidj. 

*  111  nuuijr  portM  of  New  EnifUuul  tliere  are  tncta,  atanj  equai-e  ntUea  In  ex* 
tent  and  pratenttng  all  variednA  of  mrf  ace  and  expomre,  vblcb  wen  pnrtialljr 
oleaied  alxt;  or  lereDtj  jreora  ago,  and  wliara  htUe  or  no  diaage  in  tlie  pro* 
ponioB  of  onlliratAd  pnand,  paston^,  and  woodland  hna  tolccn  pbioe  Btnce, 
In  wiaa  casM,  these  tcacta  coui|K>ae  batiiu  appitieuily  ocarcelj  at  all  exposed 
to  aof  local  inflnenco  in  tlie  way  of  penwlatton  or  iiiilltratiiin  of  water  towanli 
or  from  odj^hboring  vaUojrs.  But  in  eucli  situationB,  apait  from  aocUeatal 
distarboooeo,  tbo  ground  ia  growing  drier  and  drier  from  year  to  year,  B|ringa 
ar«  Dtill  (Ii«4q>eaiing,  and  zivaleta  ttiO  tHminiahing  in  their  rammer  Hopply  of 
«at«r.  A  probable  explanation  of  tbtA  Ia  to  be  fon&d  in  the  rapid  dnunnge 
of  th«  forfaca  of  cleared  ground,  wbii-h  [>rereriU  the  subtecranean  natnial 
reaemrita,  whnther  caTities  or  merely  strata  of  bihntoua  earth,  from  fllUng  np. 
Hov  long  this  process  is  to  last  before  an  equilibrium  k  reached,  none  can 
Bay.     It  may  be,  for  years ;  it  may  bo,  for  c^ntnrioi. 

Lirinjfstouo  itatea  facta  which  etrouKly  favor  the  suppodtioa  that  a  aecnlar 
daaccation  is  sttlL  g^^ng  on  in  ocntml  Africa,  and  Lhcrc  is  leaaon  to  mqiect 
thftG  a  Ub}  change  b  toktnf  pUoo  in  California.  Vilitia  the  regions  when  tha 
aarth  ia  growing  drier  were  cleared  of  wood,  or,  tndevd,  whethtrr  forests  avei 
grew  there,  we  are  unable  to  say,  bnl  tho  ohauco  up|>ours  to  bare  been  long  in 
pcogxoK.  A  aimilox  revoJutlon  appears  to  hare  oocnrrod  in  Arabia  Petma.  In 
mitoy  of  I  he  wadis,  and  partieolorly  in  the  gor^m  hetwecn  Wadi  Ftino  and 
Wodi  Ksb  Sbeihh,  there  are  water-worn  banks  showing  that,  at  no  reiy  remut« 
pcrioil,  the  wint«r  HooJk  ma*t  hare  risen  fifty  foot  in  channels  where  the 
growth  of  acacias  and  tamarislCH  and  the  taetimooy  of  the  Arabs  oottcor  to 
pran  dtat  Ibey  hare  not  risen  six  feet  within  the  memory  or  tradition  n(  the 
pmoit  Inhahttonta,  Uecent  trareUen  bare  diaooriired  traces  of  extenidre 
ancient  coltaration,  and  of  thn  former  existence  of  laixe  town*  in  thn  Tih 
dnwrt,  in  lonaliUca  where  all  ngrifulture  is  now  imposaiUe  for  want  of  water. 
Ia  this  drooght  due  to  the  des'rnction  of  andent  foroali  or  to  looie  other 
akose? 

For  bnpOTtant  obscrrations  on  soppoawd  ehangea  of  dhnate  in  our  Western 
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or  choking  up  of  natural  water-eoiirsca,  it  may  becoiOQ 

mere  Inyhly  charged  with  hnmiflity.     An  inuroaso  or  diminn- 

iim  of  t]ie  moUture  of  fl  soil  almost  nei'csaarily  supposes  an 

'  ckratiou  or  a  dej)rc^icn  of  its  winter  or  iU  fiiiminer  heat,  aud 

of  its  extreme  if  uot  of  its  mean  anuual  tciupcralmv,  tliough 

Lfcodi  eltiviitiuii  or  depi'ei^iiiit  may  he  bu  blight  iis  not  sensibly  to 

imiso  or  lower  tlie  luercnry  in  a  thennotnetcr  expOBcd  to  tho 

o|itu  air.    Any  of  thuse  cuutiett,  more  or  less  liuiniJity,  or  moro 

.or  ksd  wurnith  ut  suit,  would  afTcct  tlic  growth  lioth  of  wild 

[«nd  of  cnltivuted   vegftatioii,  und  ctmsequuntly,  witliout  any 

f^prccJablc  elmuge  in  atinc-wphcric  tcuipciatui'o,  prucipitalion. 

Or  t'vnpuralloii,  pluiiU  of  a  jrartimilar  ^pecice  n:ight  coaeo  to  be 

adraiitagooa^ly  cultivated  where  they  had  once  been,  cauly 


fmiiM  rccioo,  from  colllTalioD  of  tb«  itoil  and  the  intioductioo  (ff  dvnieatia 
[fndle,  tR«  Khvakt'k  valiiabls  FvrtMt  Trea,  Ibll,  cJuipter  v.,  aiid  Hayukx, 
Tttiumiiutrff  Iifj»rl  on  Surrey  of  W^minff,  p.  455. 

Rom*  pbysftdtits  believe  tliitt  tha  watam  of  onr  earth  am,  frnin  chemical  ot 

^•tlwr  kn  known  vaoMii.  <lim:iiu>)tliitr  \>y  enteritm  Into  nevr  ioorgaiuo  oombuta, 

,  Bihl  thai  UuH  oltiiueut  wiU  Tuiully  (IImliijmuu-  ftoiu  the  globo, 

'  Tbe  mU  vt  ntw'j  aaUlaed  coontrict  U  K«ii(ira'l;  Ujjiilj  favonblti  to  till 

grawUi  ot  Uxa  tmiU  of  tb«  ganlun  and  tiie  tuoliiLid,  bat  luuiUly  Wcumea 

■■ob  low  M  la  a  rvty  few  ytan.     Plumn.  of  many  varieties,  were  funn^dy 

I,  1b  gntat  perfectioD  ood  ubundauce.  in  maa;  part»  of  New  Lnj^laud 

Lvbon  at  jiieai-ot  they  okh  toutxiy  b«  tearod  at  all ;  and  the  peach,  which,  a 

rfananUton  or  two  a|ro,  auooeodod  admiiably  in  the  laoathern  portiou  of  Uio 

IB  Btate*.  has  aliuONt  ceased  to  he  cultivated  there.     The  disAppflanuicc  of 

ffbnts  fnilta  In  pu'dy  due  to  the  ravogoa  of  iusecta,  whidi  have  in  later  ymn 

[•ttacktd  them ;  but  tbi«  ia  endantly  by  no  meaiu  tho  sole,  or  even  the  pria* 

K  of  their  decay.     In  Lheoe  caiBca,  it  is  cot  to  the  exhamilioii  uf  tho 

I'ar  acica  on  which  tbe  fmit  tre«s  have  grown  that  we  aie  to  a^oribo 

tiinr  dp|f«ienu:y,  but  tu  a  geoeiat  ohau|[e  in  the  ooDditiun  of  the  khI  ur  tho 

air ;  for  ib  Im  eqaally  impoaubls  to  rear  tbe<n  aooaeMBfoUy  an  absolutely  sew 

lu  Ui«  ocishborinuod  ot  groiuidA  where,  not  lony  Kiiw«,  they  bore  the 

kbidL 

I  WTabtf  btbijc  told,  oMoy  years  tgo,  by  lnt«Uij;oiit  early  aettlen  of  the 
,  Blau  of  Ohio,  thai  tha  appl^i  IreuK  laiKod  there  from  need  town  aoaa  afUtr  the 
waa  okared,  bort  fruit  in  i<^  Uiau  half  the  time  required  to  bdng  to 
Ikvahng  thom>  roaivd  from  aw-J  nuwn  «-heii  tho  i^and  bad  been  twaoty  years 
ler  colUratiioii. 
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Vncertainty  of  Modern  Meit-orohgy. 

TVe  are  very  imperfectly  aoi^Tmhitcd  wiili  the  prcfecnt  mean 
and  extreme  tenipcratin-e,  or  the  prec-ipitatiun  and  ihe  evapora- 
tion of  any  exluuBive  repon^  even  iu  eonntriee  must  densely 
peopled  and  best  supplied  witli  iii?trniiieiit3  and  n}>w?rvors. 
The  progrosa  of  acience  is  cunstantly  dotectiug  errorH  of  method 
ill  older  observftdons,  and  many  laliorioiisly  eouAti'Ucted  tallies 
of  meteorological  phenomena  am  now  throwJi  adide  as  falla- 
cious, and  therefore  wor&e  than  iiscless,  because  Boiiio  condition 
necessary  to  secure  aeenracy  of  result  waa  neglected,  in  obtdn- 
ing  and  recording  the  datn  on  which  tlioy  were  founded. 

T<i  take  a  familiar  instanoe:  It  is  but  rocentl}'  rliat  attention 
has  l)een  drawn  to  the  pj"eal  intluenoeof  slight  differences  in 
station  npou  the  re^nlta  of  ohservutiniis  of  temperature  and 
precipitation.  Two  thcrnntnieters  huiijj  but  a  few  hundred 
yard*  from  each  other  differ  not  nnfrequently  five,  aonietinie^ 
even  ten  degrees  in  tlieir  readings  ;*  and  when  wo  are  told 

AnUogoua  cfaaagM  ooonr  tlowlj  and  nlmovt  in|>ero«i>tIUjr  awb  fa  nponta- 
DMMU  TC^etelion.  In  the  poaC  noMca  of  Denmftrk.  Scntoh  Rn  unit  nthir  tnes 
not  now  (fnnrtnK  in  Iba  muM  loctUitiw,  bta  foaiul  in  ftLiiuidiuiQ6.  Krvrj  gen* 
eratlon  of  ben  leaTO*  Um  ■oD  In  a  different  Uato  rmin  ifaat  In  which  It  found 
it ;  «vei7  trM  tbit  *pziDgs  up  in  »  groop  of  Iretm  of  another  tpecie«  than  U* 
Dvcn,  grows  nnHtir  diffvrent  E»f]uaiioca  of  %ht  sncl  shade  and  fttmoMpfaiiru  from 
it«  prpdecwoa.  Uanoe  Iho  BtwrcMion  of  crop*,  which  ocoon  in  all  nataraJ 
toCTsU.  sespis  to  be  due  inUuir  to  cbangt*  of  oondilion  than  of  oUuuit«.  See 
obaptoriiL,  peH. 

*  TjndaU,  in  a  tootont  on  Iladiation,  vxpcwMs  the  opinion  that  front  ton  to 
filteen  par  oeot.  of  the  hcnl  tailiatcd  from  tbe  ewth  is  alMorhed  hj  aqo»oiu 
vapor  within  tan  feet  of  the  earth's  vuiteoe. — FngmtnU  ef  Seitnet,  8d  edi- 
tion. I.ondan,  18TI,  p.  203. 

TbernKimcterw  at  most  mct«orok>gicaI  stations,  when  not  suspended  at 
points  reflated  by  tho  more  penonal  ronvvnivncv  of  Oi"  obMrror,  uo  haag 
front  SO  to  40  feet  above  tbe  gnmnd.  In  mch  imMliuiM  ihfy  aiw  less  eipceed 
to  distnrbnnon  from  the  action  of  surrounding  bodi««  than  at  a  lower  lerol, 
lod  their  fndioktioiu  ue  onnKqnratlj  mfire  nnifnnn ;  but  acconliug  to  Tyn- 
dall's  Tiewa  they  do  not  mark  the  tempcrnUirv  of  the  atBio«phenc  rtnttom  in 
which  nearly  all  tbe  veicetablea  oaefHl  to  initn,  rxixpt  frirpdt  trem.  Imd  and 
bloMom  and  ripen,  and  in  wbiob  ■  vast  majority  ot  the  oidhiaty  opetationt  of 
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TUerti  is  one  brancli  of  rcscantli  which  is  of  the  uLiiiosc  iin- 
portaucc  in  refereuce  to  ihe&e  qutiatiuua,  but  which,  fmiu  the 
giTiit  difficulty  of  direct  obeenatiuu  uiwu  it,  has  been  lejio  6uc- 
cessfuUy  studied  than  alraoet  auy  other  prublcui  of  jilivsical 
SL'ienco.  1  refer  to  Uie  proportions  between  precii)itation, 
Biiperfifial  dniitiage,  absorption,  and  evaporation.  Pi-ecit*  ac- 
tual lucasiireiiient  of  tliesc  quantities  npoucvcn  a  single  acre  of 
ground  is  iiniKx^tble  ;  and  iu  all  cabinet  exponmonU  on  tiie  8iil> 
ject,  the  conditionii  of  the  stirfate  ob«ervod  arc  so  different  from 
those  wliich  occur  in  uatai'e,  that  we  cannot  safely  reason  from 
one  caAO  (o  the  otlier.  In  nature,  the  inclination  and  ex[Ki!<ure 
of  the  ground,  the  Ucj;ivu  t.if  fixcdoni  or  tibstmction  of  the  IKjw 
of  water  over  tlic  surface,  the  conipoeition  and  dentiity  of  the 
&uil,  the  presence  or  ab^jui^  of  |>erfui'aliune  by  uuriiis  and  small 
l>nrj\>\viii<;  q:ta>lrnpL-<U— U}Hin  which  the  jicrnieability  of  the 
gruiuid  by  water  and  its  pt^wcr  of  abAorbing  and  retaining  or 
transmitting  ioo1«titre  dc|>eud — iu  lenijK.Tature,  tbo  dryniwa  or 


wkeraM  tn  eutertjr  cnrz«iit  oomes  from  the  west,  uid  Aowk  towuda  Ute  < 
—PAj/wiMt  O^tp^y,  p.  iSQ. 

There  u  no  philological  gromul  for  this  distiAction,  md  H  piotMtilj  odfiaatad 
fn  K  confmnon  at  the  lArafautioai  -mmSf  »Bd  •'fit,  hotb  at  which  «■  mod- 
•m.  Tbamot  of  tha  fansMeDdiitg  istplin  ibe dinwtion  Ev  or  Itf-iectnb  wt'kih 
■ufekn  ia  ■uppnwl  It  comi^xtod*  ta,  uwl  ii  piobsUf  •Diod  wMi,  the  LMIb 
wwiML  Tl>«  t«mU»t)oo  -«V  *•  *  oorrapCida  or  wrfonning  «f  •«*«<|r,  oMtcti/ 
tat  esatomly,  aod  m»my  vaX\ian  of  the  sorenteenth  oontary  «  wriLe  U.  la 
HaUujrt  (L.  p.  8).  futrn-f  uanflicd  to  pUoo,  ••^tu^^l^j^  boutwJa."  Asd  mettiM 
^aattmm  In  •  pHMac*  ia  Omjwa,  "«a«CrKv  wiada"  ntMt  nemo  winds y^»M 
the  Mtt ;  but  the  nua  author,  in  aiMftkitt^  ct  aMieiM,  u«e«  u-rth^rtp  tot 
wrfWiL  Hakewill  tmymi  "  The  Hmiu  imuBui  guc  motK  luHthmutg  Imm  ▼«, 
twr«eitMitionnMll«rfM<pbowMTl«  vs."  IlollatuI,  hi  hin  umoMalioo  of  Pttil<r, 
tefuriiv  ta>  tfao  noca,  hu:  "Htoa  idiMt  i«  nwihrrin."  and  "khce  is  g«aa 
tantiftf^  Bidttidcoii,  to  whom  I  am  lDd«bted  for  xhn  aboiro  chatlcoa, 
qodaa  •  paaai0«  Cram  Damplar  whcm  mttUrtji  to  nppbnl  to  the  wind,  but  tba 
eooeuA  doM  M>t  itt»wieloi  the  dlMctioo.  Tbe  vaiy  eznnple  of  tiia  — m^llB 
tiua  a  -Mwrdl^  k^^oi  bj  Ihia  lociauiginphn  i4  Ctoai  Diwae,  when  it  wmaam 
iMMfd*  th«  wwL 

Shak«pcan,iB//<iMb<(T.,  iL),  mm  iww«UHy  wind  for  wind /W-m  the umth. 
MilUn  doM  Boc  •nploj'  aithiv  ol  thcMi  tenulnadocK,  nur  were  the;  known  to 
til*  Aiiflii-SnxQU,  who,  bowcrer,  had  adjectives  of  dlreottoD  in-  an  or  -M| 
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ticn,  or  of  tall  meadow-grass ;  vhat  given  oat  again  bj*  surfaces 
flo  covered,  or  by  bare  gn>mid  uf  variouB  textures  and  coiupo 
fiition,  tinder  different  tnndltiona  of  atmospheric  temperatuT«, 
pTOsarc,  and  humidity ;  or  what  is  the  amount  of  evaporatiun 
from  water,  ice,  or  snow,  nnder  the  varying  expoenre^  to  whiuh, 
in  actual  nature,  ther  are  constantly  subjected.  If,  then,  we 
are  so  ignorant  of  all  these  climatic  phraomena  in  the  best- 
known  regions  inhabited  by  man,  it  is  evident  that  we  can  rely 
little  npciii  thcoretii-al  derluctions  applied  to  the  former  more 
natnral  state  of  tlw  same  regions — Ic^  ^til]  to  euch  as  are  adopt- 
ed with  respect  to  distant,  strange,  and  primitive  ooantncs. 

St<Ailittj  of  J^ature, 

Nature,  left  undistm-bod,  so  fashions  her  territory  as  to  ipva 
it  almost  nnchanging  permanence  of  form,  ontline,  and  pro|>or- 
tioo,  except  when  shattered  by  geok>gic  conwlaoiis;  and  in 
these  comparatively  rare  cases  of  derangciueut,  she  sets  henwlf 
at  once  to  repair  the  soperticiul  damage,  and  Ui  restore^  a6  nearly 
as  practicable,  the  fanner  as{iect  of  hor  dumininiu  In  new 
oouutriut,  the  natiiral  inelinntiuu  of  tlio  grunnd,  the  self-formed 
slopes  and  levels,  aie  generully  such  as  best  secure  the  stability 
of  the  sotL  They  liave  been  graded  and  lowcrtid  or  elevatcil 
by  frrjst  attd  chemical  forces  and  gravitation  and  the  How  of 
water  and  v^etable  deptjeit  and  the  action  of  the  winds,  until, 
by  a  general  (T(inij>eniati(m  of  eiinflicting  forces^  a  iwndition  of 
e(|ailibnnm  hns  i>een  rcaidied  uhicli,  nitliuut  the  action  uf  man, 
wonld  rcmnin,  witli  little  fluctuation,  for  countleoi  aget. 

Wc  need  not  go  far  ba^^k  to  reach  a  (>eriod  when,  in  all  that 
portitm  (>f  the  Xorth  Aioerican  coutiiient  which  has  been  occu- 
pied by  Britidi  colooijntMn,  the  gtxigTHphical  elements  very 
nearly  liulanced  and  com|>en£ated  each  other.  At  the  oommenco- 
iDent  of  tJie  seventeenth  century,  the  soil,  with  initignificant  ^x- 
cqitioiis,  was  covered  with  fiorests;  *  and  whenever  the  Indian, 

'  I  do  not  ben  ipcalc  of  the  Tact  imdju  re^m  of  Uw  mafaa^pi  TKlIejr, 
wbk^  cuiaot  ptopcitjr  be  uM  m^t  to  hkte  l>e«a  a  fifild  of  Bntisli  coJonixaUea; 
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pormaneut  change  vaa   produced  by  tlicra.    I  refer  to  the 
acliou  of  boavertt  and  oJ!  fallen  trees  iu  pnKlncing  hogs,* 


*  The  EagUah  norastioUUirc  of  thii  gco^iatiliioal  fvatoK  doaa  not  seem  well 
aetU«J.  W«  have  bog.  tieamp,  m^trth,  moniM,  tnwr,/en,  turf-rrutu,  fifntrniis, 
gtut^mirr,  nil  of  which,  thongh  snmrtimm  more  or  1«m  aociirat«lj'  dwcriiniunlMt, 
u«  often  n»cl  int^rchnngwiblir,  or  ara  perhftfA  oi»jitoj«d,  each  «xcUu)vvlv,  in 
a  laitumlar  disthiit.  In  Swedim,  whots,  eBptiGiallj'  la  ttie  Laiipisb  iirovinoes, 
tliu  terr-nqtMOua  fonmUaon  u  verj  extcnsiT*  and  important,  ttio  uiuum  of  iti 
dilleieDb  kinds  am  moro  Ep<.-cific  in  th«ir  application.  Tbo  genera]  d»d(;:iia- 
tion  of  all  M>il«  rMjrmiuicntljr  pririuleil  with  vntor  is  KJrr.  The  eMer  Litnt** 
ditH  dJTid«  tb«  KOrr  into  two  pvnvra :  Myrar  (ring,  myra),  and  JVcwir  (ring, 
nuww).  *'  Tbo  f«rm«r,"  bu  otwcrvra,  "  arc  giaM-tTovm,  and  overflowed  with 
wator  ttLTDUgb  almost  tho  whulv  atmiuier ;  the  latter  arc  Qcncrod  with  huumm 
and  olwnyi  titniia,  bnt  rvvy  HeMom  ovcrflawed."  Tic uiiuiacmt^ii tti«  follawinc 
■peoiea  uf  Myr<t,  the  ohamder  of  which  will  perfaa{w  be  mfflolentljr  UMler- 
■tood  by  the  Latin  Usna*  into  which  bo  translate*  Uie  v^namlar  nanea,  far 
A*  boacfit  of  vtrangvn  not  altogether  fainili&r  with  Uia  laapi^;e  and  tba 
■nbJQCt:  1.  J/antifivr,  fiolodoa  graminMin.  3.  /Jy,  pnludea  pcofoada.  8. 
PiiirAmffrt/r,  or  iiiu|fer  tt2rr,  palude*  limoan,  4.  FjuUmyr-fT^  palndea  aligi> 
now*.  S.  T»fmi/^'r,  [wlndes  reapKoMa  fl.  Ri»in.yri/r,  ]ialudes  TirKBtn. 
7.  Otttrringar^  pmta  irri|rata,  with  their  sabdiTiiiious,  dry  itarrSuffar  or  ri' 
^ktgttr,iietaU»rrfiHgarKaAfraiungrofn>T.  %.  /Wnr,  lacaiw.  ft.  ttidrr,  fo»- 
•n  iaondatifc  Tha  Mumtr,  palodoa  torfoatt,  whi<;h  an  of  gnat  oxteut.  hare 
bai  two  apedw:  I,  Torftmmor,  called  alao  Mimritgnr  and  SmUatn^tw, 
and,  &  ^ntmoMnr. 

Tha  aoBomalatiou  of  itagTuiot  or  utagnaUnfl^  water  orl^natinjp  in  boga  ar« 
dlatiocnkbcd  lato  TViOub.  atagna,  and  Sjwmar  oi  Tjdrnar  it\ia^.  Tjtn  or 
3|JAm),  ato^aliloa.  3Vu«fc  are  pool*  fed  by  lu^  or  water  emanating  froni 
tbam,  and  tbdr  hotkMm  are  oliinj;  Tj«mar  are  amall  TrCnk  aHvaled  withia 
Um  Ibnita  of  Mo-ar.—U.  L.  LJUrTADICR,  om  Jti(fti]/Min  <tf  UnwdUtiffar  < 
lapfimarkta^  pp.  S8,  ^ 

Atlbooeh  the  quantity  at  Ixig  laud  in  \ew  HJ^giinn*  k  lea  than  in  nuuiy 
other  ri^[i<iiH  of  e(|oal  area,  jct  there  is  a  oooaiderable  extent  of  tbia  fomo* 
Lion  in  Mrai«  of  Ui«  XurtU«wteiu  SLatea.  Dana  xMaunatvf  Gtt^ogy,  p.  614) 
•tatea  thaC  the  qnontlt;  of  peat  In  Ha«a4^UMtl«  U  oMimatod  at  130,000,000 
coitls.  ur  iicarl;  560,000,000  oubtu  jarda,  but  be  doca  not  girt  either  the  ana 
or  the  depth  of  the  dcporita  In  an/  orent,  however,  boga  cover  bnt  a  unall 
peroentaffe  of  the  terhlury  in  anjr  of  the  Nortbcia  8(at«a.  while  it  is  said  that 
one  tenth  of  the  whole  mrfaoe  of  Ireland  ia  couipOMd  of  bogs,  and  then  are 
•till  cxt«naiTe  tracta  of  ondroinad  nuuah  In  England.  The  amoaot  of  this  for* 
taation  in  (Ircat  llritaio  ia  ?sliiualcd  at  0,000.000  ncna,  with  an  awni^  depth 
of  twclvefoet,  which  would  yield  21,(;W»,000  tana  of  air-dried  peat.— AanjiiBS- 
BU,  71^  og  landrifl,  Chrirtianla^  1W8,  p.  Ow 
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and  of  smaller  animals,  insects,  and  birdft,  in  destroying  rlto 
woods.* 

Bog«  tronerally  originate  in  the  cliecking  of  Traterconi-Bos  by 
the  fiillinf;  of  timber  or  of  earth  and  rock*,  or  by  artilicial  ob* 
frtmctioiiB  acpoas  Ibeircbannels.  K  the  impediment  is  Bufiirient 
lo  retain  a  peniiancnt  accnniulatiQn  of  water  behind  it,  the 
trecfi  whoBe  roiits  are  ovwrflowed  wxm  perish,  and  then  by  tlieir 
&1I  inercasc  tho  nbi«tniction,  and,  of  course,  occasion  a  bHU 
wider  spread  of  tlte  Btaj^iating  stream.  Tliis  pnxKiss  goes  on 
ondl  tlio  water  iindu  a  uew  outlet,  at  a  higlier  lovcl,  n<>t  liable 


Peat  hnSM  hare  aometimat  ■  UitolcnmM  of  ton  or  tirclTS  y%ida,  or  eyra  mem, 
A  dtfftii  vt  ten  yainhi  woatd  give  4&,CMX>  cnbio  }-artJ«  to  Ui«  ftcr«.  Th«  greutest 
qxmatitj  of  firewood  y JeUcd  hj  tho  foresta  of  New  EugUikd  to  the  aora  U 10O 
«0rd»  K>Nd  ra««i«or«,  or  474  onbia  jiuds ;  but  Lhin  coinpritca  onl>-  th«  tmnki 
utd  lanrcr  hntnchCA.  Tf  we  ndd  the  •mall  bnu:ch«n  iind  tw!^,  It  h  |MK«iiMo 
tlttt  600  cable  yards  miglit,  bi  somo  caeca,  bo  cot  on  nn  acre.  Thi«  is  only 
fin*  elgbUeUi  |iart  of  the  iiuuttity  of  pest  aoraetimas  found  qu  the  Mme  tuta. 
It  u  tmu  tbAt  k  jnnl  of  i>ctit  aiid  &  jaiA  at  wood  are  uot  the  e'luivnleutc  of 
fioHi  other,  >ntt  the  fiii-l  on  nti  a^m  of  ii>!)^]i  [irjit.  \»  wort:h  inii(;)]  nmn^  thiui 
thtt  on  Ml  acre  of  th«  txtt  woodland.  Beaidrs  thie.  wood  1<  poiuhablc,  nud 
1^  qtuntity  on  nn  nan  oumot  be  faicrea«ed  beyond  the  smonnt  Joiit  Mated ; 
pwi  is  iadcMtrnctiUe,  and  the  bed*  are  thrayg  growing.  S*e  pc»1.  Cb«)>.  IV. 
Cold  tftToia  tlie  ooDvamtoo  of  oqiiotio  Te^^etnbles  into  peat.  Aiihjr>niHivi  mys 
KNM)  of  Ihf  Ivst  |»cat  he  ha>  met  with  is  from  a  bog  which  ta  (roxoa  for  fort? 
wvbIu  fat  the  year. 

The  Oreeks  and  nnmnnit  were  not  acqaaintad  with  tbe  employnieut  of  |wat 
■1  tvnl,  bat  it  nppcon  from  a  coritnui  panogw  which  I  haw  alnady  dt«d  from 
FUsj.  3*.  //.,  hook  rri..  chap.  1,  that  tbo  tabubitants  of  the  Korlb  S4»  cooM 
■Msd  what  M  voUed  kneatM  turf  in  bii  tuna.  This  is  the  Boer  and  man 
tiumiDghly  deoompoMd  motier  Iflog  at  the  Ixiituni  of  tho  peut,  kneaded 
bf  the  handa.  formed  into  ucoll  blooka  and  dried.  It  in  Mill  prepared  in  pro- 
doeij  the  «une  way  l>y  tlte  fioarvr  inhnbitantx  of  Ihum  Rhorcs. 

Rot  tboa;;A  the  Low  Geimaa  tribes,  Inolading  probaMy  the  Anglo-Boxona, 
hate  (ued  peat  em  fnel  fnnn  time  inunamoriol.  it  appfnts  not  to  hare  baan 
hoown  to  the  H';:hOcrKiuia  until  a notttt  period.  At  least,  I  can  Sod  neither 
in  Old  BOr  la  lliddle  High  Ucrmon  laxleona  and  glonariea  any  wvcd  aiguifying 
pact.  Zmi  bideed  is  fannd  in  Gcnif  oa  on  Old  High  Germaa  word,  bot  only 
!■  fck*  aaniH  of  gioai-turf ,  or  greauiwud.  Peat  bogs  ot  nut  extent  oocor  In 
laaaj  Bi^  0«niuui  lucatitin,  btit  the  former  aboodanoe  of  wood  in  the  aano 
Mgleot  naidarad  tb«  nae  of  peat  nnneoeaaarjr. 

*  8oa  ChAplcr  11.,  jmt. 
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tkm  Imth  of  new  ooiintries  and  of  old.  If  the  prrcipitation, 
whether  great  or  smftll  in  amount,  bo  oqnally  distributer! 
thnjii'jh  the  seasons,  so  t!mt  tlicre  are  neither  torreniial  raiiie 
iH>r  pnrching  dronghts.  and  if,  further,  t^c  general  inclination 
iif  jBrronnrl  be  moderate,  so  that  tlio  snpcrficial  waters  are  car- 
ried off  without  destniotivn  rapidity  of  flow,  am]  without  piiil- 
(len  nycuniulatiffn  in  the  channelB  of  natnral  drainage,  there  is 
little  danger  of  the  degradation  of  the  Boil  in  conEcqucnce  of 
the  rciiiovid  of  forest  or  other  vegetable  covering;,  and  the  natu- 
ral face  I'f  the  earth  may  he  cunfiidcred  as  virtnally  |>eniia- 
neiit.  Tlicae  conditions  are  well  exemplified  in  Irt-land,  in  a 
great  part,  of  Knjrhind,  in  extensive  difilrir-tg  in  (rennaiiy  and 
France,  and,  ftirtnnately,  in  an  iinmeiipe  proportion  i»f  tho 
valley  of  the  Miss-issipj^i  and  the  basin  of  the  great  American 
lakes,  as  well  as  in  many  parts  of  the  continents  of  South 
America  and  of  Africa,  and  it  is  partly,  thongh  by  no  means 
entirely,  owing  to  topographical  and  climatic  cansea  that  ibe 
blight,  which  has  smitten  the  fairest  and  inont  fertile  pnn-incoa 
of  Iniporinl  Konie,  has  fi]Mired  lirilannia,  (iennania,  Vanmmia, 
and  Mti*ia,  the  oomparatirely  inhospitable  homes  of  barbarous 
races,  who,  in  llic  dayn  of  the  Ciesam,  were  t<»o  little  advance<i 
in  civilized  life  to  possess  either  the  j«m-cr  or  the  will  to  wage 
that  war  against  the  order  of  natnre  which  eeems,  hitherto,  an 
alin(W  iuM-parable  crmdition  preet»dent  of  !iigh  social  culture, 
and  of  great  progress  in  fine  and  mechanical  art. 

Destructive  cliaugea  arc  mwt  frequent  in  countries  of  irregu- 
lar and  mountainous  surface,  and  in  dinmtcs  where  the  pre- 
cipitntinn  is  confined  chiefly  to  a  single  season,  and  where,  of 
cmm-^e,  the  year  is  divided  into  a  wet  and  &  dry  period,  as  is  the 
caw  throughout  a  givat  pai-t  of  the  Ottoman  empire,  and,  in* 
deed,  in  a  large  proportiuii  of  the  whole  Mediterranean  basin. 

In  mountainous  conntries  varions  canscs  combine  to  expose 
the  auil  to  constanL  dangers.  Tlic  rain  and  snow  nsnally  fall  In 
greater  qnauUly,  and  witlt  much  iiiet^jiiality  of  distribution;  iha 
aixnr  on  the  annuuits  accumulates  for  many  months  in  saeces- 
•ion,  and  tlien  is  not  nnfrequcntlr  almost  wholly  dissolved  in  a 


DEgTErcnVESESS   OF   MAN. 


39 


fiuigle  thaw,  so  tlmt  the  cntiro  precipitation  of  nioiitlis  is  in  a 
fcw  I»onr«  liurried  down  the  flanks  of  the  moinitfiiiis,  and  tliroii^li 
tfce  ravines  tlmt  furrow  tliuin ;  the  nntnnil  inclination  of  the 
snr^co  pminotes  die  Bwiftnetis  of  the  gathering  enrreuta  of 
di]  uriiil  rain  Hnd  of  melting  snow,  which  soon  acquire  on  almost 
irresistible  force  and  power  of  removal  and  trand]wirtati<m  ;  the 
soil  itself  is  li-ss  compact  and  tcnaclons  than  that  of  thf  plains, 
and  if  the  Khelt<?ring^  forest  has  been  destroyed,  it  is  continod  by 
few  of  tho  threads  and  ligainnntfi  by  which  nature  had  bound 
it  togetlier,  and  att.a<-iie<l  it  to  the  rocky  groundwork.  Hence 
every  coiiHidcrablc  shower  lays  bare  its  roods  of  rode,  and  tho 
torrents  sent  down  by  tho  thaws  of  Bpriug,  and  by  occasional 
heoTj  discharge5  of  tho  summer  and  antumniil  rains,  aiv  seas 
of  mnd  and  rolling  stones  that  aometinios  lay  waeto  and  bury 
beneath  them  acrcA,  and  even  miles,  of  pasture  and  field  and 
rineyard.* 

DealrvetwanMs  of  Man. 

Man  has  too  long  forgotten  tliat  tho  earth  was  given  to  him 
fiar  osnfnidt  ahmo,  not  for  consumption,  still  less  for  profligate 
lie.  Natnre  Iia«  provided  againnt  the  absolute  destruction 
any  of  her  olunientaiy  matter,  the  raw  material  of  her  works ; 
tlic  thunderbolt  and  the  tornado,  the  most  convulsive  tliroce  of 
oven  the  volcano  and  the  earthipuike,  heing  ordy  phenomena  of 
decompo^dtion  and  reo:im|K«ition.     But  ebe  has  left  it  within 


*  Tbo  diazacter  of  geological  tormation  fa  an  clnneitt  of  tot  great  lniport> 
MMe  IB  determining  tba  Mnoimt  erf  croeion  prodocBd  bj  nnnliig  water,  and, 
of  oaan«,  in  measaxixig  tba  O0Q5oqa«noeB  of  clearing  off  Um  foiCHtB.  Tbo  mil 
of  the  Fnncli  Atpn  yielils  reij  readil;  to  tfac  foroe  of  curmitit,  nnd  th>j  decliv- 
tties  of  the  noitlicni  AtMaminM,  u  well  ui  of  vaany  mlaor  noontfun  ridgea 
in  ToBBMOj  and  athar  paxia  of  Italy,  aro  covered  vith  nftixfa  wbich  beonmM 
Had!  ahaoMt  a  ftaid  wli«ti  aati3nt«d  with  water.  Ilcaoe  the  enwion  of  mtch 
tBrftH*<^  i*  Tastl;  greater  than  on  raany  other  tncmtitaltit  of  equal  ateepneu  of 
iaalinstiiim.  The  Inveller  who  paww  orer  the  route  t>etween  BoloRna  and 
norenoe,  and  the  Pemgia  and  the  Rlena  road*  from  the  Uttei  cftf  to  Bome, 
wffl  have  manjr  oppottonities  of  obaertiog  mob  loisalitiea. 

3 


84 


sflsiBaaiiYKKBss  or  mak. 


the  power  of  man  irreparably  to  derauge  the  eonibiiiations 
of  iiior^iiic  matter  and  of  organic  life,  which  Uirongh  the 
night  of  fl-oiifl  she  had  been  pi-oi»oi'tioiiiivg  and  biilaiiciiig',  to 
prei)an3  the  earth  for  his  habitation,  whoa  in  tlie  fnhiec^  of  time 
hi&  Creator  should  call  him  forth  to  cuter  into  its  possession. 

Ajiart  from  tlic  hoetilc  influence  of  man,  tlic  organii;  and  tlie 
inorganic  world  are,  as  I  have  remarked,  biHuul  t«"»gothcr  by 
AUt'h  mutual  rela^ona  and  a(ln[ftation&  a^  Aoruro,  if  not  the  abito- 
lute  penuanenco  and  eqnilibrinm  of  botbr  a  long  continuance 
of  (he  established  conditions  of  each  at  an_r  given  time  and 
place,  or  at  lcai?t,  a  very  s\ow  and  gradual  fiucce^icai  of  changes 
in  tlu>so  conditions.  But  nian  is  overyMrhere  a  disturbing 
Agent.  AMicrcver  he  plants  his  foot,  the  harmonica  of  nature 
are  tnmed  to  discords.  The  proportions  and  accommodations 
which  insured  the  stability  of  existing  arrangements  are  ove> 
thrown.  ludigeiious  vegetable  and  animal  specieB  are  oxtir^ 
palerl,  and  Bnp|>lm»ted  by  crthere  of  foreign  origin,  ^mtaneous 
ppjdnction  is  forliid<lcn  or  rci^trictod,  and  the  face  of  the  earth 
is  either  laid  bare  or  covered  with  a  new  and  reluctant  growth 
of  vegetable  forms,  and  with  alien  tribes  of  auimal  life.  Tlieec 
intentional  changes  and  sulistitutioua  constitute,  indeed,  great 
rovolutionfi ;  but  Ta*t  a«  is  their  magnitude  and  importance,  they 
arc,  as  we  sliall  see,  iusignifiuant  iit  coraparistm  with  the  con- 
tingent and  unsought  rcttults  whidi  have  flowed  from  them. 

Tlie  fuel  that,  of  all  orgauic  beings,  man  alone  j-i  to  be  re- 
garded H.s  e^entiully  a  destruutivo  power,  and  Cliat  he  wields 
energiefl  to  resist  which  Nature — that  nature  whom  all  matenul 
life  and  all  inorganic  Bubstancoobey— is  wholly  impotent,  ten<Ia 
to  prove  that,  though  living  in  physical  nature,  he  is  not  of  Iter, 
tlmt  ho  is  of  more  exalted  imrentage,  and  belongs  to  a  higher 
oi-der  of  existences,  than  llioeo  which  are  lK>m  of  her  womb  and 
lire  in  blind  snbmission  to  her  dictatea. 

There  are,  indeed,  biutc  destroyors,  beasts  and  birds  and  in- 
(tecta  of  prey — all  animal  life  fceda  apon,  and,  of  course,  destwya 
other  life, — hut  this  deatmction  Is  balanced  by  compensations. 
It  is,  in  fact,  the  veiy  means  by  which  the  existence  of  one 
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tribe  of  animaU  or  of  Tcgctadlcs  ia  gccured  iigaiuBt  being  smoth- 
ercd  l»y  the  ciieroachineiiU  of  another;  and  tlie  rpprtHJautive 
jKiwem  of  6j>ecits,  wLicli  serve  as  the  fixxl  of  olJiors,  aio  alwa™ 
j»p(iporti*»ned  to  the  demand  they  are  destined  U>  supply.  Man 
piirKuefihis  victims  with  reckleHS  destructivences;  and,wlulethe 
eacrilitrc  of  life  by  Ujc  lower  aiuuials  ifl  limited  by  the  t-mviuga 
of  appetite,  he  unsparingly  perBecutee,  even  t.o  extirjjatiou^ 
thousands  of  organic  fomi«  which  he  cannot  consume.* 

*  The  torfble  dDstrocdvenen  of  man  Is  renarknbl;  exempUfiad  In  the  cliaaa 
of  Urge  mmphmH*  and  birdji  for  dsgrle  productn,  att«&ded  with  the  «ntire 
vute  of  enonnoiu  quaiiLitiAd  of  Hexit,  uid  of  other  parta  of  tho  anUnal 
which  un  oa|>abt«  of  vnlnablo  asea.  Th«  nild  OAttlo  of  South  Ameiioa  lure 
Blaiif;bur«4  by  milHoiui  for  their  hjdes  and  boms;  the  bnflalo  of  Xorth 
AaeiMa  for  hu  ekiu  or  bia  toagrue ;  the  olephant.  the  wainu,  a&d  the  tat- 
wltal  for  their  tnelcB ;  tbocetacea,  and  Bome  other  marina  animals,  for  thf^ 
vhaJebooe  and  oil ;  tbc  Mtdcb  and  other  large  kirda,  for  their  plumage. 
Within  a  few  yenra,  sheep  have  been  killod  in  New  En^laud,  by  whola  Qocka, 
foe  their  iMlta  and  Buot  aloao.  the  Qesh  bdng  thrown  away ;  and  it  ia  even  sold 
that  tbo  bodies  of  the  same  quadrupeds  have  been  naod  in  AnHt^mlia  oh  fuel  for 
BmftVihia  Wbol  ft  Ttft  unouBt  of  bomAii  Dutrimect,  of  bone,  and  of  olh«r 
■nffp*  prodncfai  raluahlo  in  the  arts,  is  thuH  renklemlj  sqnandcred  I  In  ocarly 
an  theae  oaaes,  the  part  which  conntitabw  the  i»otiv«  for  this  wholetal«  ds* 
itmctinn,  and  la  alone  aaved,  ia  ewtentiall^  of  in.<iifniillcant  vnhie  a*  oomjiarMl 
wftli  what  U  thrown  vitmj.  The  honut  uid  lilde  of  an  ox  are  not  eiconotcicuJIy 
worth  a  tenth  part  as  mncb  as  Ute  entire  oaroaHS.  During  Uic  ftrcaent  year, 
]atgc  qnantJtiM  of  Indian  com  have  l)e«ii  tued  im  dom«*tic  fuel,  luid  CTen  for 
Iwrnfaig  lime,  in  Iowa  and  other  Western  Statra.  (^um  at  from  fifteen  tfl 
il|tbl««a  c«nta  perbiubel  is  fountl  cheaper  than  wood  at  from  five  to  aeren 
doOan  per  oord,  or  oool  at  alx  oc  aereu  doUaia  par  ton. — U^.  Agrie.  i^ft., 
Not.  and  De«..  IfflS.  p.  487. 

One  of  the  greatoal  boncfltfi  to  be  cspectod  from  the  iiDproreinRnta  of  olrl* 
Untin  ia,  that  incT«&Hed  facilities  of  commmijcation  will  render  it  powlble  to 
UmMfOtt  ko  places  of  oouMimpdou  much  Tuluable  material  tliat  in  now  wo^Uvl 
beeattM  the  prioo  at  die  nearest  market  will  i\ot  pay  freight.  The  oattic 
daii(bt«a«d  in  Soath  America  for  their  bidoH  would  feed  rodlloDa  of  tlie  ntorr- 
iag  pojialatiaa  ol  tlw  Ohl  World,  if  their  Tteab  oonld  be  eoooomioaDy  preoerred 
and  twHqKnted  acroas  the  ocean.  This,  indeed,  i*  alzeady  done,  but  on  a 
■Dale  wliicfa,  tlioogh  abaulately  oonsidernble,  !■  Telatirely  insif^iflcant.  South 
i*  "»*»*«■  Mndi  to  Europe  a  certain  quantity  of  nutriment  in  the  form  of  meat 
otracti^  LleUg's  and  othem;  and  preserved  flcah  from  Atutralia  is  beginninf 
Is  ignra  In  the  BngHib  market. 

Wa  are  begiaoing  to  lean  a  better  eoooony  in  dealing  with  the  lnorg«nl« 
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TJio  earth  was  not,  in  ite  natural  condition,  completely 
adapted  to  tlie  ine  of  man,  but  only  to  the  eustenance  of  vn\d 
animals  and  wild  vcfrctatton.  Ttiesc  lire,  multiply  their  kind 
in  jtist  pjxij.H)rtIoii,  and  tttt«iii  their  perfect  measure  of  strength 
and  l)eauty,  witboni,  producing  or  requiring  any  important 
change  in  the  natural  arrangements  of  surfaco,  oi*  in  each  otl»er*8 
BptHitaneoiiB  tendencies,  cxcx>pt  Ruch  iiiutiml  repre^Aion  of 
exoeasire  Inorease  as  may  prevent  the  extirpation  of  one  ajiccics 
by  tlje  ent" roach menta  of  another.  In  shoi-t,  ^vithout  man,  lower 
aniuiui  and  spoiitaucood  vegetable  life  would  have  been  prac- 
tically coijBtant  in  typo,  distribution,  and  proportion,  and  tho 
physical  geogrnphy  of  the  earth  wonld  have  remained  undiS' 
turlied  for  indefinite  perioils,  and  been  subject  to  revolnlion 

worid.  The  ntUlattiom — or.  m  the  Gnmiuiii  more  hftftpllj-  «ft1l  it,  th*  y«nr»r- 
thnng,  the  betrvrlMinif—ot  wft«t«  from  Rit-tnllnr^enl,  cbemtonl,  tni  mntrafiuv 
tarinff  ••t«M{>lim<'nt«,  i»  taatmg  th«  ino«t  [mpoiiant  reMiItu  of  tha  ftpplimtlcn 
of  floianoe  to  indiiKtrial  pIlIpOMl^  Ttiv  ImdilontAl  iiroduL'tf  from  tbs  Ubontft- 
lies  of  TDVtnfactnrlog  cfacmi«t«  oftm  b«cOin«  morv  rftliublc!  thiin  thoMi  for  tb« 
prcpoimlion  of  which  ihcy  were  crvctnd.  The  slng^  from  silvor  ro&MrnoB,  utd 
ftV«ti  from  ffni«ltiDg  hwisM  of  ibt>  oo&Taer  metab,  haro  tKit  unfr«qimtlj 
yfeldod  to  s  nccoad  oiirmtor  •  better  retnm  tli&n  Uid  ftrrt  lind  dcriTtid  front 
doling  wttb  tho  satarftl  or«  ;  anci  tb«  naving  of  lead  csrri'Hl  off  in  the  Ntnoke 
of  fumocfw  bu,  of  Itself,  given  n  largo  profit  on  the  capital  inrnttcd  in  tho 
vodcB.  Aocorflng  to  Ur^$  Dktianarj/  </  Art;  dm  wl.  il,  p.  832,  an  Enjf- 
THah  miiwr  has  oonstmcted  nnoB  flre  miles  In  lon^lh  for  tho  ooDdenaation 
of  Clw  snolce  from  his  lead-wotlu.  uid  makco  tbcrobf  no  anDo&l  Mvlnf  of 
matel  io  tho  vatne  of  ten  thotuaad  poanda  rtarting.  A  few  yauv  aca,  an 
oHoer  of  an  American  mint  waa  dunged  with  embetsling  (rold  oonnrdtted  Io 
him  for  coinage.  Ho  ImiBted,  in  his  defence,  that  mach  of  the  tnetnl  vna 
VolatUixed  and  loot  in  refiuJ&g  and  tneltinff,  and  upon  scrapmg  the  (.-hinuiej* 
of  tho  moltJnfr  fnntBM-Ji  and  the  roofs  of  tho  adjnoent  honMea,  gold  enongh 
was  found  in  the  toot  to  accoaul  for  do  amnll  part  of  tho  doSoienej. 

The  anhfttitntion  of  cxpenxiTe  tnachinpry  for  maQDal  Ubar,  «T«n  in  agricol- 
tote — not  to  xpeak  of  older  and  mure  fmmilinr  application*— haaidoa  bdnf 
highly  remunrTatiTe.  baa  better  accnrrd  the  haireita.  uu)  it  is  oonpatad  thai 
tb«  230,000  threabinf  mwbinoa  ttaed  In  tbe  Uniterl  8tat««  In  1870  obtabed  Are 
per  cent  mote  grain  froin  the  aheaTea  whioh  passed  throngh  then  Umb  oould 
lute  been  aecured  b^  the  obo  of  the  fUH 

The  oottoa  growlog  Statea  in  America  prodnoe  annnatlj'  neailf  three  million 
tons  of  cotton  aeed.    Thia,  tmtU  terjr  t«cent1y,  baa  been  thrown  awa;  aa  a 
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oalj  from  slov  development,  from  possible,  oskuowa  ooamical 
caueei,  or  from  geological  action. 

Gtit  man,  the  domestic  aniniak  that  ^erve  liini,  tho  fieM  aiid 
gnrtleii  pluiits  the  pruducts  uf  wbufli  supply  hitn  ivitii  fixid  and 
cintbing,  cannot  BuheiBt  and  rise  to  the  full  development  of 
llieir  bipber  properties,  miless  brute  and  uneonBciona  nature  be 
effectually  combated,  and,  in  a  great  degree,  vauquislied  by 
htinrnn  art.  Hence,  a  certain  mcai*ure  of  transfonnation  of 
tent*trial  sni-fiire,  of  Mipprt^ssioii  of  natural,  and  Btiraulation  of 
artiticially  uuHlilied  productivity  beu(.iiiiea  ncce£«ary.  Ilua 
mouare  man  has  unfortunately  exceeded,  lie  baa  felled  the 
forcats  vbo60  network  of  tibnms  rootfl  Iwrnnd  tlie  mould  to  tbe 
rocky  skeleton  of  tbe  eartb  ;  but  liad  he  allowed  here  and  there 
*  belt  of  woodland  to  repiXMluce  itself  by  spontaneous  pmpaga- 
tion,  most  of  tbe  init~trhiei'!s  wliit-h  bis  i-eeklcss  clefitriictioii  of  tlie 
Mtnral  j^mti'ction  of  the  S4>il  has  mxiasioncd  would  liavo  been 


asttlcM  incambTance,  but  11  ia  now  Tftlnc<l  aI  tea  or  twelve  dAllim  ]H!T  ton  fot 
the  ootbui  BbT«  which  Klherea  to  it,  for  tlia  oil  vxtractoil  from  it,  and  for  the 
feed  which  thrt  rrfiuft  famisbea  to  catUft.  Th*  nil — whidi  m»j  be  d<>«crnj«d 
■K  ntmtnil— Ir  tnwid  ■vary  lar^l;  for  mixing  with  otfavr  oils,  many  uf  whiob 
l»«ar  •  Urge  proportion  of  it  witiioot  injiirr  to  th«ir  spvcUl  proportfos. 

TbRTo  nrP  ntlll.  huwcvcr.  ctutcv  of  ciinmioaa  wibIo  id  many  minvr&l  aiid  me- 
tiiftBlcal  in4tiktr)c>>.  Thiut,  vrhilfi  in  mnny  Europonn  couiitTieo  common  ««1t  la 
,aGOTcniiauut  intraoptil;,  uid  coiucijuvjiUj-  so  <)var  thai  the  poor  du  not  u«e  u 
ttaob  of  it  u  hcAllh  r«t|tiir««.  In  othcn,  m  !o  TnuM^lnuiitt,  whera  it  ix  qojur- 
tied  lilw  stone  the  Iftige  blocks  oaly  are  saved,  the  tngtaKata,  to  tho  Amoimt 
of  inilUtiitK  of  hnndred  weight*,  bc^ln^  tlirown  away,— B^iji All,  Trnntyltytnia, 

Oae  of  Qie  mort  latcrcathi^  and  important  bnnohM  of  oomonijrat  tlie 
^yreaant  <iay  in  lb«  ncorttrj  of  aj^nts  such  u  Boimoiua  uid  othois  which  had 
I  ntillscd  in  uhfimioal  nmniifactiirvii,  and  rv- cm  ploying  thum  indcfliiitaly 
aft«rwiit>U  in  rap«atiug  the  kaira  proo&ii*. 

Auiong  tfav  supplomvutal  exhlbitiuna  which  wilt  be  formed  In  oonnefltiDU 
ith  the  Tteima  Unircml  RzhlbJlion  is  to  1M  tuie  showing  what  Rt^ps  have 
Vhoax.  t«k«ii  ainc«  1891  <tho  datavf  tlie  flret  London  Kxhibition)  in  Ihci  atilixs- 
Itloa  of  iinlwliiiifini  pcerioudy  reffarded  ui  ws«t«.  On  tii«  ono  hand  will  be 
[ibowa  the  vaafee  produota  in  lUl  the  imltutrial  proeagaa  included  la  the  fortb- 
['«nn!iig  Exhibltloa ;  on  tbo  other  hand,  tli«  nxefnl  prodnct*  which  knvfi  b««ii 
[AfaUioiMl  froiB  soch  wastes  iiince  1851.  Thix  in  intvotlvd  to  ■viro  as  an  inoeiH 
I  to  farther  ra—aidiea  in  the  same  important  dlreotluo. 
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averted.  He  lias  broken  up  the  tnoniiUhi  rcscnxiire,  tlie  iicroo 
latioii  of  whtwo  ■watcre  tliiMU'jli  imsiN'ti  cliaiim-la  »u])piied  tbe 
fountains  dint  rcfi-cshcd  liig  cattle  ami  fenilizcd  his  ttcld^;  Itut 
he  baa  ii^lected  to  nmiiitaiii  tlie  tiistcnis  and  tlie  canalg  of 
irrijrjiluui  wliit-li  a  wi&c  niitiquily  Ii:id  woustrijctwl  to  neutralize 
the  consequences  of  iis  own  iiiiprndfuce.  AVhile  he  has  lorn 
the  thin  globe  wluch  confined  thu  Hgh(  euilh  of  extensive  pining 
and  baa  dustroved  the  fringe  of  Bcn^iaqnattc  jilante  whieh 
c>kirted  the  caabt  uud  checked  tbe  drifting  of  tbo  8ca  Baud,  ho 
has  faileil  to  prevent  tbe  spreading  of  the  dunes  by  clotliing 
tbem  with  ailificially  propagated  vegetation,  lie  has  rutJdesely 
warretl  on  all  tho  tribt-a  of  uniiitati'd  nature  wbot^o  epoil  Ite 
could  eonveit  to  his  own  necfir  a»d  he  has  not  protected  tbe 
birds  which  prey  on  tlie  inflects  most  de&trnutive  to  his  own 
harvests. 

i'urcly  nntutured  bmnanity,  it  is  tnie,  interferes  wunpai-a- 
tively  little  with  the  arrange inente  of  natni*,*  and  iIhj  de»truc- 

*  It  l«ao  intematinf  utd  not  bitbwto  saUcient^  noticed  fuel,  thftt  the 
domKAicatloa  of  tho  otpiuiic  worl'l,  m>  fur  m  <t  tuu)  yet  bMn  RcJiieral,  Iw 
lon^,  not  itnleed  to  tbe  wuvue*  bIam,  but  to  tho  ejiili««t  d&wa  ot  ctTUtxattoB, 
tho  iwi»]iie»t  of  iiioq^iiiuc  lutlnre  nttno*tt  ■»■  PxdnKivi^tj-  to  U10  ino«t  advauoed 
staffM  of  utffida;  calttuv.  OJvUizatfon  hits  added  iittle  totheniuDbcrof  T«([«- 
table  or  aoiiDBl  tiwcicti  grown  tn  onr  fields  or  brvd  in  our  foldn — tlie  cnQLenr 
fend  the  trild  gnftt  Xttiag  thaoti  tbe  oatj  pluit<  which  ibo  Anglo- Amerkaii  bu 
tecUtoed  out  of  oar  rut  nnliTe  Dom  and  added  tu  hiit  ltArve«(« — while,  on  the 
ooBtnty,  the  sulijugiitioD  of  the  Inorgftnio  forces,  utd  the  oonHquent  exteneioD 
of  aun*e  vwny  over,  not  the  nnntuU  |Woductii  of  tbo  tarth  only,  but  her  lub- 
etraoe  and  her  springs  of  action,  ii  olmoeb  entirely  the  work  of  tiighlj  rvfin«4 
and  cultivated  ag«a.  The«B|ilojmentur  tlin  elaHtieitjr  ot  wood  and  of  honi,tfa 
a  projectile  power  tn  tbe  bow,  ia  near)/  univntMl  amoni;  the  rudest  savocea. 
The  apfiUoation  of  oompremed  nir  to  the  aama  par})06e,  id  the  h]ow]:jpc.  is 
more  re«trlet«<d,  and  thA  dm  of  the  meefaAnicol  powers,  tho  tncliuod  pUme,  the 
wheel  and  axle,  nixl  evru  the  wedge  anl  lever,  aeema  atanoet  unknown  ozoopt 
to  dvillced  man.  1  have  mfMlf  M>en  European  peaaania  to  whom  one  of  tin 
•impteat  apidiuationa  of  tliis  latter  [tower  was  a  zorelation. 

It  ia  famlllnrlr  known  to  idl  who  have  oooapied  UmnaelTCa  with  the  |wj- 
oholt^  aiid  habita  of  the  ru*lt-i  raoea,  and  of  peieoa*  with  imperfoctlf 
derelopod  intdlecU  in  oiriUied  life,  that  nlthoutch  Uieae  bnmbto  tlitHta  and 
tadiTldnals  aacrifioe.  without  scruple,  the  \Wc»  of  the  lower  anfanalato  Ih* 
graiiBcatioa  of  their  uppetitDB  and  the  auppl;  of  thoir  other  pb^sioal  woota^ 
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titv  tigQiicy  of  man  becomea  mure  and  more  energetic  and 
nnsparin^  as  he  advances  in  civjlizatioo,  nntil  the  impoverieli- 
iiietit,  with  which  liis  cxlmiisiiuii  of  the  nntural  resources  of  the 
tun]  IB  threatening  him,  nt  lutit  »w»lccn8  him  Ui  thu  noccfieity  of 
prt!«crvii)g  wliat  ia  luft,  if  not  of  restoring  what  hits  been 
wani(»uly  wasted.    The  wandering  sava^  growA  no  cultivated 


ftt  thc7  narotthelca  ncin  to  pborisli  vtth  brutcit,  and  cren  wiUi  vccet«U« 
lifo,  ^mpothiMi  wtilcb  ar«  mnch  innK  trebly  felt  hy  drjllxed  mea.  The 
populKr  traditiainfi  of  tbe  Eimplcr  iMr^^plce  mcognixfi  n  certain  cummiinitj  of 
Dfttore  h«t«re«n  ni&ii,  brotc  &.nimiLlfi,  ftsd  rr«n  plttntn;  and  this  ktvu  to 
eipUin  why  the  apolof^e  or  fabln,  wliich  MAcribos  tfai;  power  of  Bpceoli  nitd 
tfc«  beult;  of  rvtuoa  to  burda,  qoadiupMa,  iuMscta,  Sowbts,  and  tieet,  la  obo 
ol  tbe  euUcat  fonna  of  Uianiy  oompocdtJoB. 

In  aluort  erarjr  wild  trib^,  Boraa  jmrticuUr  qnKdrnpetl  or  birrl,  thongb 
penetmUnl  aa  a  dcvtrojer  of  othor  anJinalfl  more  oeeful  to  man,  or  boutcd  for 
food.  i»  ngarded  vicb  i>«mliu  respect,  one  might  almoat  my,  affection.  Somo 
af  Ihfl  KorUi  Amcrioan  aborig-inat  nation!*  iwlebrate  a  propitlatorj  feast  to  tho 
inkBM  of  tb«  liit<>D<1fi(l  victim  b«for«  tbc;  commeiice  a  bear  hmit.;  and  the 
Kormgian  pfOMBUj  have  not  mily  rctaiaed  an  old  proverb  vrliicli  awiribea  to 
the  aamo  animal  "  tt  Mendii  Styrke  off  Uto  ^tmdt  Hif,"  Um  niWa  nUtnertli 
■■d  twelve  tnea'a  etmctii^,  bat  the/  rtill  pay  to  him  Momethm^  of  thu  rvrur- 
cnoe  Willi  wbioli  ascicub  Bupeistitioa  inruted  him.  Tb«  Mudcat  of  J'^claudic 
Hlcratnre  will  find  to  the  aagn  of  Phtnbogi  ttinn  rami  a  carious  illiutratioa  of 
Lhia  frWing.  in  an  account  of  a  dialogue  between  a  ^'orvregian  bear  and  an 
Ieelm)dli;R)ianipiiin  -dumb  Kbow  nii  tlio  part  of  Bruin,  and  cliivalrio  woiiIh  on 
that  Ckf  Flnnbn^i — foUowci]  bj  a  duel,  in  which  the  bitt«r,  who  bad  thrown 
air^jr  hi*  amw  and  armor  in  ordvr  iliat  tho  ooinbatanta  might  miKt  ou  eqoal 
ttrrmi.  waa  victoriAoii.  S««  a]»o  Fniifi,  ZnfpUk  M^thdlagi^  Chrlitiania,  1671, 
g  117.  bdJ  thn  earlier  aulbon  there  vit«d.  Drniumoiid  Haj***  Torj  JntAreating 
woric  OD  Moroooo  oontalns  miui/  tunuidng  notices  of  a  almilar  feeling  enter* 
Uinffd  bj  Ui8  Moon  towaida  tho  nsdoubtnblo  cnemjr  of  their  lloclu — the  Ikuu 

Thia  iiynii>ath/ h^ljw  njito  nnd^mland  bow  it  in  that  mrMfclf  not  all  the 
dOiuMiItu  anfmala — if  indiM-d  Uit'/  evt'r  uxistvd  in  a  wilil  stoto — were  appro- 
priate, red^tned  and  trainnd  before  mfin  had  boun  gathered  into  orgabizvd 
Md  fiac-d  ooDUttuniticn,  that  alnioet  cTery  knom  eaculent  plant  hod  actjiiirvd 
inlMtantially  Ita  prsMiit  artificbil  chnmct«r,  and  that  the  propertiM  of  nearly 
aQ  vdgolablc  dni^  and  poiaoos  vrem  knovn  at  thu  romrrtcet  periotl  to  which 
bUtoHcal  rM0id«  reach.  Did  natoro  bestow  npon  prlmltiTe  man  aoino  iujitlucb 
akin  to  that  by  which  ah«  has  been  rappoBed  to  teach  the  bnito  to  eelect  the 
Bntrilion*  and  to  reject  the  aoxioas  Te^tables  isdiMrbninately  mixed  lo 
fonaiand  pnaturo? 

TJUl  fautinct,  ft  laiut  bo  admitted,  is  tar  from  infallible,  and,  as  has  bees 
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vegetable,  fella  no  forest,  and  extirpates  no  nseful  plant,  no 
uoxiuufi  weed.  If  hii;  skill  in  the  chat&a  enables  him  to  entrap 
Dumbora  uf  the  animals  on  which  he  fce<id,  lie  com{>cnsate8  tliis 
Lo6»  by  destroying  altx)  the  lion,  the  tigur,  the  wolf,  the  otter,  the 
seal,  and  the  ci^gle,  tliiis  iiidirec-tly  protecting  the  feebler 
qimdrupcda  and  fish  and  fowls,  which  would  utLerwi&e  bccuine 


boudredB  uf  tunw  rvnuikcd  by  aatanlutd,  it  ia  in  raaaj  omm  not  ui  original 
tscnlt;  bat  an  acquired  awl  tmnsraittcd  baUt.  It  is  «  tmOt  ffcmiliar  to  penooa 
CDgagod  inabocp  haebMidT7  in  N«w  Unglaud — and  I  have  Mm  it  coufinned  bj 
penooal  obnrratioD — Lbkt  oheop  bred  where  the  conun'  n  laorel.  aa  it  in  cmlled, 
ICntniii  angufti/dia,  aboasd*,  akn«at  ilwAjrt  avotd  tuowidiifr  upoa  th«  kftTM 
of  t'lnt  pluit,  while  tliCNw  brou£lit  froia  dixtricto  whcro  laaxel  \»  nnkaovBt 
and  tanwd  into  ptuturca  where  It  irnxr*,  verj  often  feud  qjwd  it  ami  an 
jNMSDned  \iy  it.  A  vuriocu  ocqnirod  and  bt-reditaiy  iui(ti»ct,  of  a  differant 
character,  mxj  not  (loprflperly  b«  nolioed  here.  I  rof*r  to  ihjU  bjf  which 
Imduw  lirad  ill  provincus  whuru  iiaiokmuda  an  commua  avoid  their  dangcn  or 
«xtrieat«  tb«ma«>lTcs  from  them.  Soq  Bh^ostier,  MrttuHrt  tur  {«  OvaM^ 
Aanatatia  PvnU^  Chan»fet.  I%3:  praaUr  remfntrf,  pji.  I.VVlfi7. 

It  is  oommoul/  Kud  in  X«w  Kiiglasd,  and  I  iMtlinre  with  r«aw>a,  t^utt  the 
orowsof  Ihia  gvuvritliou  aiv  wiser  tfaiui  ttuait  aaouaton.  SdmutowB  which 
wore  (tSecioal  bftjr  y^an  ago  are  no  loog^er  respeottd  by  the  pluixlenin  uf  tho 
oonifidd,  and  new  temm  auat  bom  time  to  tine  be  invented  lot  its  proteo* 
tioa. 

Scluoeder  van  d«r  Kolk,  is  Ihl  Vertehit  tumaeJten  den  PtyeAue^M  AimUg 
■van  itt  Dier  <n  nn  d^n  i/tnscfi,  cites  many  int«reatin^  fa«t«  rMpecUng 
inatincbi  Imts  or  newly  dorelniM-d  and  bocomc  hereditary,  in  the  lower  auimaia, 
and  he  quotee  AiivtoUe  and  l*liuy  a«  evidence  that  th«  oommoQ  quadnipeila 
and  fowli  of  oar  fields  and  ont  poultry  yarda  were  uiudi  1e»  perfectiy  doinea* 
ticoted  in  theic  times  Ibon  loag,  loag  ngct  of  acnitude  have  now  made  Lhem. 

Amonff  other  fatstaaces  of  ohlltentcd  instincte,  this  author  stales  that  ia 
Iliillaiid,  where,  for  ceatorice,  the  yoao£:  of  the  cow  has  l>ceQ  usoalty  toltea 
fioiu  Uio  dan  at  birth  and  fed  by  hnod,  calvvfi,  even  if  left  with  the  moiher, 
loake  no  attempt  to  suck ;  while  in  KiiglaiMl,  wbeie  oolve*  are  not  wtuncd 
Biitil  Mvcral  weeks  old,  thoy  reaort  tu  the  otlder  as  natundly  aa  Uie  yonug  of 
wild  i4Qadrupvd«<. — Zitlta  S.ig^hu.im.  p.  128.  ft. 

Pcrhnpe  the  haJf-wild  charActer  luodbcd  by  P.  Lffistadtns  and  other 
8wcdi«h  writers  to  the  rvindecr  of  LapJiod,  may  bo  in  some  degree  due  to  the 
OQiRparativi:  sbHrtJieui  of  the  period  during  which  be  has  been  |iartially  buoed. 
The  dotneetie  swine  bred  in  tbo  woods  of  Hungary  and  the  buffalo  of  Souttteni 
Italy  are  so  wild  and  savage  as  to  be  rery  daageioiis  to  all  but  their  kocpcc& 
The  former  lutvv  lelapMid  into  their  •jrigioal  ooDdiUoa,  the  Utter,  perha|«,  bare 
serer  bees  fiUly  reoUimed  from  It. 
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the  booty  of  bcfiste  and  birda  of  prey.  But  with  etationary  life, 
or  at  latest  with  tlie  pastoral  etato,  man  at  once  oonuneiices  an 
Imofit  indiscriminate  warfare  upon  all  tho  fonm  of  aiiiiual 
rmiid  vegetable  exiBteuce  around  him,  and  &s  he  advances  in 
civilizatiuu,  he  gradaally  eradicates  or  tranctforms  every  apon- 
taueuus  product  of  the  soil  bo  oocDpiee.* 

Hvman  and  Srute  Action  Compared, 

It '»  iimliitaiiicd  by  authorities  ai^  liigh  bs  any  Iciiowii  txi  mod* 
em  Bcieiif*.  that  the  action  of  niwn  upon  uatxirc,  Ihuiigh  greater 
ill  tii</rtY,  does  not  differ  in  A'ijii/  from  tliat  of  wild  aniiitalg. 
Il  ifi  perlmps  im[>oeeiblo  to  establish  a  ladieal  clisitiuution  in 
g^ntre  between  the  two  chisses  of  uffecUj,  hut  there  its  an  csAcntial 
diilercnt'o  between  the  motive  of  action  winch  calls  ont  the  en- 
ergies of  civilized  mafi  and  Uie  mure  npi)etite  which  control^)  tlie 
life  of  the  beast.  Tlic  lu-tiun  of  man,  irideud,  is  frequcutly  fol- 
lowed by  unforeseen  and  uiideeired  resnlts,  yet  it  ia  nevi>rlbele«8 
gnided  by  a  self-eonseious  will  aiming  as  often  at  eocondary  and 
remote  as  at  immediate  objects.    The  wild  animal,  on  the  other 

'hand,  acts  instinctively,  and,  so  foi*  aa  we  are  able  to  perceive, 
alwa}'8  witli  a  viuw  to  single  and  iliruct  purpiiset).  Tbe  back- 
vrMjdt>niBn  and  the  beaver  alike  fell  ti-ee« ;  the  man  tliat  he  nmy 
convert  the  forest  into  lui  ulive  gi-ove  that  will  mature  its  finit 
only  for  a  sneeeediiig  genemtion,  the  heaver  tliat  he  may  feed 

[^Bpun  tiic  bark  of  the  tree*  or  use  tliem  in  the  coUBlniction  of  his 
Habitation.  The  uetimi  of  brutes  ujioii  tlie  material  world  is 
feluw  and  gradual,  and  usually  limited,  in  any  given  ease,  to  a 


*  Hie  diffeniKM  tMtw«eii  U)«  reltitJon*  of  MTags  tifo,   uiil  of  invlpient 
^fhrflixafctan.  to  iMtare,  ia  well  seca  in  that  part  of  tbc  Talley  of  tlm  Mliiau- 
wbudi  wu  ODC«  oocBpt«d  by  tbe  moonil  buildora  luid  iift«rHiu>l»  by  tbe 
'  Jm*  dereloped  Indian  trilioi.     liVbeo  tbu  tillere  of  tho  fidilti.  whiuh  nmiit 
nm  been  cultivated  to  nutAUi  the  larg^  population  that  oove  mbubit^  thoee 
ioam,  peinahed,  or  were  driven  cmt,  tbo  hoU  fell  back  ia  the  iinrmal  forest 
^-atote.  aad  the  t&nfgem  who  aoooeeded  the  mofe  advanced  race  interfered  very 
little,  it  at  all,  with  the  onliuary  course  of  spuntanooaH  tiatorc. 
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xmnow  extent  of  territory.  Nature  is  allowed  tJrae  and  oppor- 
tunity to  aet  licr  restorfttn-c  powers  at  work,  and  the  dostrnetive 
animal  liari  Iinnily  retired  from  the  field  of  his  ravagm  before 
nature  has  repaired  the  damages  occasioned  by  his  operations. 
Iii  fact,  he  is  expelled  from  the  scene  by  the  very  efforts  whidi 
she  makes  fur  the  re»tomtiuu  of  lier  dumiuiun.  Han,  on  the 
contrary,  extendi  his  action  ovur  vast  spaces,  bis  revulutluns  art* 
Bwift  and  radical,  and  hia  dcvastatioiiH  are,  for  an  almost  incal- 
culnblo  time  after  lie  has  withdrawn  the  arm  tliat  gave  tlie  blow, 
irreparable. 

The  fonn  of  googmphical  surface,  and  very  probably  the 
cliniate  «»f  n  p%en  country,  depend  niucli  on  tlie  character  of 
the  vegoliiblu  Hfo  belunging  to  it.  Man  ha*,  by  donioeticjitioii, 
greatly  changed  the  liat>it«  and  properties  of  the  plants  he  reara ; 
he  ham.  by  voluntary  selection,  immensely  modified  the  fnnns 
and  qualities  of  the  aulmuted  crciitiires  that  serve  him  ;  and  lio 
ha»,  at  the  same  time,  completely  ntotod  out  many  fonne  of  ani- 
mal if  not  of  vegetable  being.*  What  is  tbti¥,in  the  influence 
of  bnile  life,  that  etirrfsi^ion<lfl  to  Ihifti  We  have  no  reaiHiu  to 
boliove  that,  in  that  jwrtiun  of  the  American  continent  whicli, 
though  ]t'opled  by  majiy  tribes  of  quadruped  and  fowl,  ro- 
maiued  uninhabited  by  man  or  only  thinly  uccupied  by  pui-ely 
ravage  triliee,  any  sensible  gcogniphical  dumge  had  occurred 
within  twenty  ccnturica  before  the  epf^ub  of  diftc«>veiy  and  w»l<>- 
nizatioD,  while,  during  the  same  period,  man  had  cliange<l  mil- 


*  Whnbevoi  mar  tM  Uioaglit  of  Um  laodlfication  of  o^utlo  •pedes  bj  nttaiBl 
Mleotion,  tlxtro  la  c«rt«iiilj  no  erfdeooe  fcbnl  Bntnwla  tuire  exflrtol  vtpaa  nay 
form  of  lite  Ko  ixiSiaeaea  uulog«iu  to  thmt  of  doniMtioatioD  tt|>on  i>latit«,  qoiul- 
nip<>(U,  JUiil  birdn  reiuwl  trtiflrlitllj  bj  tnna ;  and  this  la  u  trai!  of  itnfurMMn 
u  of  pnrfxweljr  sffaeted  improTciafiiita  ooooinpliahed  b;  Toltmtai7  lelootioB  of 
broedinff  anlmiUiL 

It  ia  true  Uuit  DBltu«  employs  biida  and  qiuidrapedB  for  Um  diMemiualioa 
of  rfj^talilc  wmI  ercn  of  nnimnl  spcdeo.  Bat  when  tha  Unl  droju  iho  seed 
of  •  (ruil  it  liu  nrallowed,  uid  when  tlia  «ho«p  Imupons  ia  iu  ftceoe  Uio 
Boad-iauKl  of  a  burdock  from  the  plain  to  tho  mountaia,  ib  aoUtn  is  poidj 
■Kohanical  and  u&ooiwobnu,  tai  doM  aot  difl«r  tna  that  of  tfa«  wind  iu  pco- 
dadQe  tbe  nms  effect. 
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lions  of  square  miles,  in  the  fairest  aad  most  fertile  re^ons  of 
ibo  Old  World,  into  the  ban-oncet  de&crts. 

T!ie  ravaj^  comniittcnl  by  iiian  subvert  tlie  rolatioiis  mid  de- 
6tT0y  the  balance  whit-h  nature  bad  egtablished  between  ber 
or^nxed  and  her  inorganic  creations,  and  ebe  avengeR  herself 
iip(.»n  tlio  intnidcr.  by  Icttinfi  loose  upon  her  defaced  provinces 
d(?ilructive  energies  hitherto  licjit  in  clieck  by  organic  forues 
destined  tu  b<i  bis  t)cst  anxiliaries,  but  whieh  be  has  unwisely 
dispersed  and  driven  from  the  field  of  iu:tion.  AV*hon  the  foi-est 
u  gone,  the  frrcat  reservoir  of  moisture  stored  uj>  in  its  vegetable 
would  is  evaporuled,  and  returns  only  in  dolupcs  of  rain  to  wash 
Awny  the  parched  duet  into  which  ibut  mould  has  been  con- 
verted. The  well-wooded  and  humid  hills  ore  turned  to  ridges 
of  dry  rock,  which  encumbers  the  low  groumls  and  cholses  the 
watercourses  with  its  dcjbris,  and — except  in  countries  favored 
with  an  equable  distrilmlion  of  rain  through  the  seasons,  and  a 
moderate  and  r^ilar  inelination  of  surface — the  wh(.»Ie  eartlj, 
nulew  rescued  by  human  art  from  the  pbysioal  degradutioii  to 
which  it  tends,  becomes  im  asseuiblagc  of  bald  mountaiiia,  of 
barren,  tnrdess  hills,  and  of  swampy  and  malarionit  plains. 
Tliero  are  parts  of  Asia  Minor,  of  Northeni  iVfrica,  of  Greece, 
and  even  of  Alpine  Enrojxi,  where  the  operation  of  causes  set  iu 
Ki'Ci<in  by  man  has  brrmght  the  face  of  the  earth  tu  a  desolatiou 
almoe't  as  complete  as  tiiat  of  the  monn ;  and  though,  within 
that  brief  space  of  time  which  we  call  "  the  bii^torical  period," 
they  are  known  to  have  been  covered  with  luxuriant  woiids,  ver- 
dant pastures,  and  fertile  meadows,  they  are  now  too  fa:-  deterio- 
nted  to  be  reclainiable  by  man,  nor  can  Ibcy  l)ccomc  again  tilted 
fijf  human  use, except  tlirongh  grr*at  geological  cli«rigi'»j<ir  other 
m^'stendus  induences  or  agencies  of  which  wo  hove  no  present 
kiiowltxige,  and  over  which  wo  have  no  pros()ectivo  control. 
Tlie  earth  is  fast  becoming  an  unfit  homo  for  ita  noblest  iiiliab- 
itant,  and  another  era  of  equal  human  crime  and  human  iru- 
ppjvidenro.and  of  like  duralicui  with  that  through  which  trnccfl 
of  that  crime  and  tliat  improvidence  exieud,  would  reduce  it  to 
such  a  conditi<»i  of  impoverished  productiveness,  (ff  shattered 
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anrfaee,  of  climatic  excess,  as  to  tlireaten  tlie  depravation,  bar- 
hariiim,  and  perhaps  eveu  extJuctiou  uf  the  species.* 


Physical  IviprwemenL 

True,  tlioro  is  a  partial  reveree  to  this  pictnre.  On  narrow 
tlicatrc&,new  forests  have  been  planted ;  inundations  of  tlowing 
streams  re«-traiiit'd  by  heavy  walls  uf  masunry  mid  other  eou- 
stnurlii.ms ;  torrents  coiiipolleil  to  aid,  bj' deptjsitiiig  the  slimo 
with  which  they  &re  charf^d,  in  iilliiig  u|i  lowlands,  and  raising 
tlie  level  of  morasses  which  their  own  overflows  had  created ; 
ground  submerged  by  the  eucrottehurieuts  of  tlie  ocean,  or  ex- 
^loscd  to  be  covered  by  its  tides,  has  been  rescued  from  its  do- 
minion by  diking;  8wmni»s  and  even  lakes  have  been  drained, 
and  tlioir  Ix'de  brought  uithin  ihe  d<*main  of  iigri  cultural  iiidua- 
trr  ;  diifting  cuAst  dunes  have  been  checked  and  made  prudiiu- 
tive  by  plantation  ;  seas  and  inland  waters  have  been  repeopled 
with  tlshf  and  even  tiie  siuids  uf  the  Suluira  tiave  been  fertilized 
by  artesian  fountains.  These  aehiovements  are  more  glorious 
tliun  tliu  pruudest  triumphs  of  war,  btit^  thus  far,  they  give  liut 
faint  hope  that  we  bhull  yet  make  full  atonement  fur  our  spend- 
thrift waste  of  the  bounties  of  nature.f 


* "  And  H  may  bn  rvmarkoil  th»t,  u  tli«  world  hM  paated  tbrou^ 

Mxrrv  «cvcml  trtngtii  <ft  iitrifo  to  pc<Mluc«  ■  CbriMlcEidutn.  no  hj  rvlaxiiig  in  Ui« 
cnt'il"^'''^  '^  '"'^  Inarnt,  dcxia  it  tend  dovmwatxltt,  tliii>iif[li  iBvert«d  l)U^prt,  to 
wildiKM  Mod  the  w«ate  atg^a.  Lvt  a  peoplo  give  u|j  Ibviz  vuoteat  with  mural 
evfl ;  dbve^anl  tJie  Injnstlcc,  the  iffuormncc,  the  greediiviui,  thai  ma;  iirevail 
aiiiuuK  thcu.  nud  i«rt  iucit«  oiid  more  with  the  Clu-i>tiui  eti-ineiit  of  Uieix  oir- 
Uizatinn;  and  in  declining  Uila  battle  wtlh  rin,  th^y  will  ineriisfalf  f^t  ota- 
Inoiled  with  mnoL.  Thieobi  of  wat  wad  nrolatioo  punish  their  untaithfoliMa  • 
and  if  then,  instead  of  retracini;  their  ittop«,  they  jlold  afcmiu,  and  afe  diiren 
before  the  Btonn,  the  verj  axia  they  had  onated,  the  abnocaras  tb^  bad 
raised,  tho  ongea  they  had  catoliludied,  ore  swept  away ;  '  In  that  nuy  dojr 
tbair  UtoQghta  pariah.*  Tb«  portion  tb«^  bad  reclaimed  from  the  yonnf 
catth'a  ni{[j^oi1rniM  la  loA;  v\^  failii^  to  ataod  faat  »]^«ig*.  man,  they  Bnally 
g«i  embnfled  with  aatue.  and  ana  throat  down  beneath  berercr-liviiiK  hand." 
—MAHTiivRAr'H  .'«Tnu>n,  ■*  I'A^  OoodSaUisrafJeatu  CAriit." 

f  The  woiulerfol  moceia  which  haa  attended  the  naeaaorea  foe  rabdafaif 
tomato  and  preroitii)^  Inandatiutu  employed  In  Bouthem  France  ainoe  18B5, 
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Limits  of  Human  P<ncer. 

It  is, on  the  ooe  hand,  rash  and  iinphilueupliical  to  attempt  to 
•et  Hmitd  to  the  nttiniate  power  of  man  over  inorganic  nattiro, 
and  it  is  nnpnifitAlilc,  on  the  otiicr,  to  spccnlato  on  what  may 
be  acoomplii?he(i  by  tho  digcovory  of  now  unknown  and  unima- 
gined  uataral  forces,  or  even  by  the  invention  of  new  nrtA  and 
new  pn.t-^sscd.  But  since  we  have  seen  aerostation,  the  niotivu 
power  tif  clastic  vap<^rs,  the  wondf  ra  of  modern  telegi-aphy,  the 
de^nicttve  explosivenc^s  of  gunpowder,  of  nitro-glycenne,  and 
©ren  of  a  snl^tant-e  bo  hnrmlosB,  nnresisting,  and  inert  ati  cotton, 
tlwpcr  jg  litrle  in  tlie  way  of  mechanical  achiercmcnt  which  sccins 
bopulegsly  impoBsiblc,  and  it  is  bard  to  restrain  the  imagination 
fpora  wondering  forward  a  couples  of  goiierationa  to  an  epoch 
when  ntir  dt>^<>«iidants  t^hall  have  advanrc<l  aa  far  beyond  iis  in 
physical  conqneKt,  m  wo  bavo  marebc<i  beyond  the  trophies 
erected  by  our  prandfatlicrs.  There  are,  ncvcrthclegs,  in  actual 
practice,  ItntitB  to  Uie  efficiency  of  the  forces  which  we  are  now 
abl«  to  bring  into  tlie  field,  and  we  must  admit  tliat^  for  the 
pneent,  Uie  i^p^ncica  known  to  man  and  contrtilled  by  him  arc 
inadequate  to  tlie  reducing  of  great  Alpine  prccipi«e8  to  finch 
dopes  as  would  enable  them  to  support  a  vegetable  clothing, 
or  to  the  c^ivering  of  large  extents  of  denuded  rock  with  eailh, 
and  plantuig  upon  tlicm  a  forest  growth.  Yet  among  the 
inystcrie«  which  Bcience  is  hereafter  to  reveal,  tliere  may  be  still 
nndiiWJTered  methods  of  aeoompliBlung  even  grander  wonders 
tliAD  these.  Hcciianical  philoeophera  hare  enggoetcd  tiie  |iofr- 
flibility  of  acrnraulating  and  treafiuring  np  for  human  nee  aome 
of  the  grcatc'  natnral  forces,  which  the  action  of  the  elements 
pntfi  forth  with  anch  a-stonittbing  energy.  Could  we  gather, 
and  bind,  and  make  ciibsen-icnt  to  our  conlrr»l,  tlie  ix>wer 
wliifh  a  West  Indian  hurricane  exerts  through  h  Rniall  area  in 

■ad  d«Kiribed  In  GhApter  MI.,  pott,  ougLt  to  b«  hen  notjoed  uaspletidid  ud 
•oaaunciiig  axuniilo  of  miII-dirc>ctv«I  nSort  in  th«  v%y  of  phynfi*]  rMto- 


46 


UMTW  OF  HTMAH  POWER. 


one  continuons  blaf*t,  ur  the  inomentain  expended  by  tlie  waves, 
iu  a  tempestnoBB  winter,  upon  the  breakwater  at  Chorbonrg,* 
ortlie lifting  jjowcr  of  the  tide,  for  a  montli,  at  tlio  head  of  the 
Bay  of  Fundvj  or  the  preiisnre  of  a  square  mile  of  sea  water  at  Uio 
depth  of  five  tlioasatid  fathoms,  or  a  moment  of  tlie  might  of 
an  earthquake  or  a  rohrano,  oar  age— which  moves  no  moun- 
tains and  casts  tiiem  into  the  eca  by  faith  alone — might  hope 
to  ecari»  the  mgged  walls  of  tlie  Alps  and  Pyrenees  and  Monnt 
Tannis,  robe  them  once  more  in  a  vegetation  as  rich  as  that  of 
tlicir  pristine  wchxIs,  aitd  turn  their  waiting  toiTcnts  into  ro- 
fretihiiig  6troanis.t 
Ouuld  this  old  world,  whieh  man  haa  overtlirown,  be  rebuild- 

*  In  bMi7  ■toroia,  ths  toreo  o(  the  wnvce  u  Uioy  fitzike  Bgatut  a  sea-wKll 
ia  from  om  iind  b  hklf  to  two  toiui  to  tfav  iH|ii&rB  foot,  and  BtaraiMni,  In  cna 
iiMtymm  at  Sk«nxTor«  mni  in  uiother  at  tbo  Bdl  bock  U^thooM,  found  thi« 
fotroa  oqiul  to  nea^  thtee  tons  por  foot. 

The  TCAwaH  front  of  tho  bre&kwator  at  Chertwnrg  oxpoaas  a  mrfkot  of 
about  2,&00,000  si)uarQ  fcot.  In  roDgli  wcathttr  tlio  warea  beat  agaiost  Uiia 
wbolfl  fboe,  tbongh  at  tho  dopili  of  tirenty-two  jatds,  which  ia  the  b«ight  of 
the  bfeakwatcr,  they  excH  a  very  mocb  IwH  rioloot  motive  focoe  than  at  and 
ii«at  tbe  Burfaoe  of  tbc  lea,  beoaofte  thu  fi>R«  dtnuQuhea  in  geometrical,  aa 
the  distance  betow  tbe  Borfaoe  iocraaaes  in  arithmetkal,  propordnn.  Tbe 
■book  of  tbe  warfs  ia  xeoeiTcd  Mveral  tbotuaad  timea  la  the  cotuve  of  twcntj- 
foar  bonra,  and  benoe  the  mm  of  impalse  which  tbe  breakwater  tealsta  in  otM 
stortn;  day  anounta  to  many  tbonsoada  of  millioua  of  tooa.  The  breakirater 
ii  eotlrelj  an  aiililoial  cnn-itnction.  If  then  man  ooold  aocomniate  and  con- 
trol the  fonee  which  b«  in  able  effectually  to  leaist,  he  mi|fht  be  laid  to  be, 
pfaTidoallj  apeokin^,  omnipotent 

f  Soma  weU-kaown  experiiaenta  show  that  it  ia  quite  poestble  to  aooumolate 
the  aohir  heat  by  a  eltnple  appambia,  and  thoa  to  obtain  a  temperaluro  whieh 
might  be  eoououicaUf  important  oven  in  the  climate  of  BwitKcrlaod.  Saus- 
■oro,  by  reoeiTiny  the  sun't  t^ya  In  a  nest  of  boxos  blackened  within  and  oot- 
ered  with  tfiua,  ralaed  a  thermometer  enclosed  in  the  inner  box  to  tbe  boiliag 
point;  and  onder  tbe  more  priwerfnl  son  of  the  Cape  of  Good  HofM,  Sir  John 
Iletaobel  oooked  the  mntehala  for  a  family  dinner  by  a  puuilar  proouaa,  0019* 
bowera*,  trot  a  single  box,  aatroondod  witb  dry  aond  and  oorerfid  with  two 
II hi  im  II  Why  ahould  not  to  eaay  a  mettiod  of  ecunomiciug  fuel  be  retorted  ta 
In  lUly,  In  Spain,  and  eren  in  mom  northerly  climates? 

The  unfvrttuiale  John  DaTidjmo  record*  in  his  journal  that  ha  saTftd  tuti  in 
Xoroooo  by  ex)Mwin([  hia  teakettle  to  the  aon  en  the  roof  of  hli  hottae,  whUQ 
the  wat«r  tOM  to  the  temperature  of  one  hundred  and  forty  degreeo,  and,  of 
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cd,  ccnild  faiiinaa  cnnning  rescue  its  wasted  hillsides  and  its 
dcBerted  plains  from  tK>Iitiide  or  mere  nonmde  occiipatioii,  from 
h&rrennc^  from  nakcfliies-s,  and  from  insaliihrity,  and  rcRtoro 
the  ancient  fertility  and  licaUlifiiliicse  of  the  Ktmscan  eea  <M>asl^ 
the  C'ampa^nia  and  the  Pontine  marshes,  of  CiUabria,  of  Sicily, 
of  tiio  PelopcnnesiiB  ami  iueular  and  coutinetital  Greeue,  of 
Asia  Minor,  of  the  slopes  of  Lebaiion  and  Ilenuon,  of  Paleft- 
line,  of  the  Syrian  deeert,  of  McsoiTOtamia  and  tlio  delta  of  the 
Euphrateis  of  tlie  Cyreiiaicaj  of  Africa  pniper,  Xumidia,  and 
^aiiritJiniA,  the  thronging  millions  of  Europe  might  still  iind 
room  on  the  Kaetem  continent,  and  the  main  current  of  enii- 
pimtion  be  tnmed  towards  tJie  rising  instead  of  tlic  setting-  swi. 
But  chaDfrea  lite  these  must  await  not  only  great  political 
»nd  moral  revolutions  m  tlie  governments  and  pcojjlos  hy  whom 
Uioee  returns  are  now  iwsscseed,  but,  especially,  a  wntiuianil  of 
pecuniary  and  of  meehauieal  means  not  at  profecnl  enjoyed  by 
lluxe  nations,  and  a  mora  advanced  and  generally  diflnBed 
knowledge  of  the  processes  by  which  the  amelioration  of  soil 
and  climate  is  possible  than  now  anywhere  exists.  Until  such 
circnmataneoB  shall  conspire  to  favor  the  work  of  geographical 
r^eneration,  the  conntriee  I  have  mentlone^l,  with  liere  and 
ibrre  a  local  excpptiun,  will  continnc  to  sink  into  yet.  deeper 
deaolaticm,  and  in  the  meantime  the  Amenean  ctmtiueut, 
tioathem  Africa,  Australia,  New  Zealand,  and  the  smaller 
oceanic  iaUnds,  wilt  be  almost  the  only  theatres  where  man  is 
engaged,  on  a  great  scale,  in  transforming  the  face  of  nature. 


eouM.  oMded  UtUe  fire  to  bring  it  to  boU.  Bnt  tliis  -vru  the  direct  ud  aim- 
pit!,  not  the  oonoentrnted  or  «ccumalsbcd  heat  of  tho  son. 

On  Ui«  uUUziitg  of  Uw  sobu:  hut,  simply  u  heftt,  soc  the  woik  of  UorcnoT, 
£«  CJioUur  «ets^  ti»m  appUcaiioru  tRdustri^lM.     Puis,  1809. 

Th*  Tttdproail  coDTwtibilit^  of  the  lutunil  forc<«  haa  iugf^estml  the  posni- 
lAil^  of  ■dnntafreaiulj  converting  the  heat  of  the  Bun  into  meohjuucol  power, 
BdcHKm  calvalat««  Uiat  ia  all  latitudes  between  the  eriuator  and  45',  a  btiD- 
dnd  aqnate  feet  of  aorfaoe  expoaed  U>  tlie  snlar  myn  dereiop  coDtinaoualf,  for 
Dice  bonis  a  daf  on  an  aterage,  eight  and  oue  fifth  horae-power. 

I  do  not  know  that  say  atteni))ta  have  been  made  to  aocnmiilate  and  atora 
op,  tor  lUB  at  ideaitue,  force  deiiTod  tium  thla  powerful  aouroa 
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Tmptfrtance  of  Phjnrxjl  CoJiscrvatton  and  Restoration. 

Comparatively  sliort  fls  is  tli«  period  llirongli  which  Uie  colo- 
niwitioD  of  foreign  lande  by  European  omigrnnte  oxtendB, 
great  aiiH,  it  is  to  )«  fcarrd,  soniotimefl  irraparal>lc  itijnry  has 
alrendj  been  done  in  the  varions  proccftses  by  which  man  seeks 
to  Bubjogate  tlie  virgin  earth ;  and  many  pnwinees,  fiTst  titnl- 
den  by  tlie  hAnio  Mpu*n8  JCtn'opw  within  the  last  two  centnries, 
begin  to  show  signs  of  liiat  melantholy  dilapidation  which  is 
now  driving  so  many  of  the  jwasantry  of  Europe  from  their 
native  hearths.  It  is  e^Hdently  a  matter  of  great  moment,  not 
only  to  tJio  jMjpulation  of  the  fitatts  where  these  symptoms  are 
Tnaiiifertting  themselves,  but  to  the  geii«ral  interests  of  human- 
ity, tJiat  tbis  decay  should  be  arrested,  and  that  the  fntnre  ope- 
rations of  rnral  hnsbandry  and  of  forpBt  industry,  in  district* 
yet  remaining  snbstautially  in  their  native  e«)iidtti<>n,  should  bo 
»o  conducted  as  to  present  the  widespread  miscbiofB  which  hnvn 
been  elsewhere  produced  by  tlKnightless  or  wimton  dejitniution 
of  the  nntiirvl  safeguards  of  the  eoil.  This  can  be  done  only 
by  the  diffusion  of  knowledge  on  this  subject  among  the  clft6«» 
that,  in  earlier  days,  snhdued  and  tine<l  grcfimd  in  which  they 
had  no  vested  rights,  but  who,  in  onr  time,  own  tlicir  woods, 
their  pastnrcs.  and  tlieir  ploughlands  as  a  perpetual  possession 
for  iboin  and  theirs,  and  have,  therefore.a  Blnmg  intorcst  in  the 
protection  of  their  domain  against  deterioration. 

J^hyncal  lieat&raiMn, 

Many  circmnstaDcoe  canspire  to  invest  with  great  present 
interest  the  questions ;  how  far  man  can  ponnaneutly  modify 
and  amolioralo  lh(«e  physical  conditions  of  terrestrial  surface 
and  climate  on  which  his  material  welfare  de|>cnds ;  bow  far 
be  can  compensate,  arrest,  or  retard  tlie  deterioration  which 
tnany  of  hi*  agricultiiral  and  industrial  proceasea  tend  to  ppt>- 
dace ;  and  how  far  ho  ciui  restore  fertility  and  salubrity  to  soils 
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vhiob  bis  folliea  ur  bis  crimes  bave  niiule  barruii  or  pustiloutial. 
Among  tb(»o  ciraningtaiiccs,  tJic  most  proiniiicut,  porbape,  is 
ibe  iiect-Bfeity  of  providing  new  lioiiics  for  a  European  popiila- 
tkin  wbiu)!  is  increasing  luoi-t;  rapidly'  tliaii  \l»  meaiiB  of  i^uliflist- 
encCf  new  phyeicol  comforts  for  clatft^eB  of  the  people  ibat  have 
now  become  loo  muc-li  cnli^btetied  and  hare  imbil>ed  too  much 
cuItuTB  to  bnbmit  to  a  lunger  deprivation  of  a  eharo  iu  the 
material  enjojmeiitd  which  tlic  privileged  ranks  have  hitherto 
nioiio]Ki1ized. 

To  tiippl)'  new  hives  for  the  emigrant  6warm&,  there  are, 
first,  die  vaet  nnoccnpicd  prairiea  and  forests  of  Ameiiea,  of 
Aostralia,  and  of  many  other  great  oceanic  island?,  tlte  sparsely 
ihhsbited  and  »i\\\  unoxbaasted  soila  of  Soiithom  nud  even 
Centra!  Africa,  and,  finally,  the  tnipoverifilied  and  half-dep*ipu- 
bted  ehores  of  the  ^[editorranean,  and  tlic  Interior  of  A^Ia 
Minor  and  the  farther  East  To  furnish  to  those  who  shall 
remain  after  emigration  shall  have  conveniently  reduced  the 
too  dense  popniation  of  many  Kimijienn  states,  tlKise  mcana  of 
aeocnont  and  of  intellectual  well-heuig  wliich  arc  »tyled  '*  arti- 
ficial wants"  when  demanded  by  the  humble  and  tlie  poor,  but 
are  admitted  t^  be  "necessaries"  when  i.Tlaimed  by  the  noble 
and  tbe  rieh,  the  m\\  must  be  stimulated  tr>  its  hii^hcst  (K^wcrs 
of  prodnction,  and  manV  numnst  ingenuity  and  oiicrj»y  must  Ihj 
tasked  to  renovate  a  natnre  drained,  by  Ins  impro\idonce,  of 
foniitains  which  a  wise  economy  woold  liave  made  plenteous 
and  perennial  sources  of  beauty,  healthy  and  wealth. 

In  those  yet  ^nrgin  lands  which  the  proj^ess  of  modem  dis- 
covery in  lK)th  beniii-phercs  has  brouKbt  and  is  still  bringing  to 
Uto  knitwleibre  and  control  of  civilized  man,  imt  much  improve- 
ment  of  great  ]>bypical  conditions  is  to  be  looked  for.  The 
proportion  of  forest  is  indeed  txj  be  considerably  reduced,  8n|icr- 
fluous  waters  to  bo  drawn  off,  and  routes  of  intenial  commuuiea- 
tion  to  Ije  constructed;  but  the  primitive  geographical  and  uli- 
roatie  features  of  these  onuntriee  ought  to  be,  as  far  aa  possible, 
ret^ncd. 

In  reclaiming' and  reoccnpying  lands  laid  waste  by  human  im- 
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piwidcDoe  or  malice,  and  aluiudoued  bv  man,  or  occnpied  only 
Ljr  a  nmitado  or  thinly  scattered  }H)puIation,  the  task  of  the 
pUiDuL-r  Dottier  ia  of  a  very  different  ehai-auter.  lie  in  to  beeume 
■  ou-worker  with  natitra  in  the  I'cconstructioii  of  the  datnagi>d 
fabric  whidi  the  negligence ur  the  wautouness of  former  Ltdgers 
bun  rendered  tuiteniuiUiblc.  Uc  iuu»t  aid  her  in  reclothing  the 
mountain  itlo|M!i}  ivitli  furetstfi  and  vegetable  inotild,  tlicreby  re- 
•toring  the  fountnins  wliieli  aIio  provided  u*  water  ihein  ;  in 
eJuu^icing  tlie  devoMtating  fury  nf  torrentii,  and  bringing  back 
the  •urfaco  draitingu  to  iu  primitive  narrow  chanucU;  and  in 
drying  deadly  nioraa6o«§  by  opening  the  natnnil  sluices  which 
have  been  ehiikol  tip,  and  cutting  new  eanaU  for  drawing  off 
tlieir  Ktagnant  waten.  lie  mni«i  tliUK,  on  the  one  hand,  create 
new  re«ervoini,and,  on  tlteotlier,  remove  niiRchievouBaccninnla- 
titiiu  of  niuiKtnre,  thereby  cqualissing  and  rcgiUating  the  sourcea 
of  atniospbcrie  InnniJIty  and  of  flowing  water,  both  which  are 
■o  iiHM-nllid  to  ull  vegelablo  growth,  and,  of  ouurBe,  to  hninan 
anil  Idwur  nninnd  life. 

]  have  remarked  dtat  tlie  cffeeta  of  human  action  on  the  forms 
uf  the  oaitlt'ii  snrfaco  could  not  always  he  distinguished  from 
th(«o  ruitdling  from  geologicul  causes,  and  there  i»  also  much 
nneertalnty  in  iv»iH;ct  to  the  priHiise  influence  of  the  clearing 
Rnd  eultivuling  of  the  ground,  and  of  other  rural  o]>crationg,  upon 
i)]innUe.  Il  irt  dinpntcd  whether  eittior  the  mean  or  the  uxtremea 
of  1enii>omtuns  the  periods  of  the  seasons,  or  tlio  auunint  or  dis- 
tribution of  preoipilaliiju  and  of  ovoiximtion,  in  any  country 
whoKu  annnltt  nru  known,  liave  undergone  any  change  during 
Uio  hlitloricat  [wriod.  It  is,  indeed,  as  has  been  already  ob«or- 
Tod,  hn|MWMblu  Ut  doubt  that  many  of  the  oiwrations  of  tlie 
]>i..Fn'rr  ncttler  t^nd  to  jmnlnco  gifal  modifications  in  atinos- 
I'li-ric  humidity,  tejnix-rature,  and  electricity;  but  we  are  at 
present  unable  to  dotoruune  how  far  one  set  of  effects  is  ncatral- 
isod  by  another,  or  compensated  by  unknown  agencies.  This 
ipKMlion  ftoiontific  xwoarch  is  inadeipmte  U>  solve,  for  want  of 
Uw  ncrowtar^r  data ;  but  well  owducted  observation,  in  regions 
How  nptt  brought  ander  the  oucnpation  of  man,  combined  with 
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sacfa  higtorical  evident^  aB  BttU  exists,  m&^  bo  expected  at  no 
distant  period  to  throw  mnttli  light  on  this  Mibject. 

Australia  and  New  Zealand  an%  perhaps,  the  countries  from 
which  we  have  a  right  to  expect  the  fullest  eloeidation  of  Iheee 
difficult  and  disputable  prublenis.  Tlieir  colonization  did  not 
0(nnmetux>  until  tho  ph^'siiml  stiicuues  hod  become  matter  of 
almuet  nnivoriia]  attention,  and  is,  indeed,  so  reeonr.  that  the 
memory  of  living  men  embraces  the  principal  epochs  of  their 
hiftory;  the  peculiarities  of  their  fauna,  iheir  flora,  and  their 
geolo^v  are  fiiirh  m  to  ha^o  e.\citc<l  for  tlieiii  thf>  liveliest  inter- 
est of  the  votaries  of  natural  science ;  their  mines  have  given 
their  peofjle  ilie  ncc(«sar}'  wealth  for  procnring  tlie  means  of 
instrumental  ol>i^crvation,  and  the  Ici^un;  reqnired  for  the  pursuit 
of  Bcieutilic  rcacareb ;  and  largo  tracts  of  virgin  forest  and 
natnml  meadow  are  rapidly  pa«.sing  under  the  control  of  civil- 
ized man.  Here,  tlien,  exist  greater  fauilitiea  and  Btn>iiger 
i  motivcfi  for  the  careful  etndy  of  the  topics  in  question  than  have 
ever  lieen  fonnd  combined  in  any  other  theatre  of  European 
colonization. 

In  Korth  America,  the  change  from  the  natural  to  the  arti- 
ficial condition  of  terrestrial  surface  began  aljout  the  period 
when  the  nio^t  imjtortant  Inatrunicnls  of  niotoorological  obser- 
vation were  invented.  The  fii^l  scttlora  in  tho  territory  now 
ooiiiStttuting  the  Unitc^I  Slates  and  the  IlntJAh  Aiiierlcin  prov- 
inces had  other  things  to  do  than  to  tabalate  t>arometrical  and 
therroometrical  readings,  but  tliero  remain  wmo  uitercsting 
phrsical  records  from  tlio  early  days  of  tlie  colonies,*  and  there 


*  Tlw  TnnU  of  Dr.  Dvi^t,  pnsidMrt  of  Yale  CoUi^,  which  embody  the 
ranlte  ol  hia  pctaanal  obMrrations,  and  of  hJa  inqaiiiw  UDOuit  the  early  aet- 
Uen,  in  his  TBostioo  exounriam  in  tti«  Ncwtbeni  States  of  the  AmeHoaa 
;  Vaion,  though  pwsenttng  f«w  iBMCnuouitsl  m«uui«m«iita  or  taboUted  re- 
■■llfl,  M«  of  valae  fer  the  povere  of  otiMitvaticn  thay  exhibit,  and  for  the 
toond  oomm&o  Mose  with  which  nuoy  oatiml  phfinomeiu,  muA  tot  '"ft-nrw^ 
H  the  (omialiou  of  ihe  river  mooduwn,  oolled  **  iatorvalvs,"  ig  yew  Gngluid, 
sre  expUiued.  They  pnuMDt  a  txue  and  interesting  piaturo  of  phynoal  oraidi- 
tione,  nMDjof  wtiich  huTo loty  oeoaed  toexlMin  the  tliaatn  of  bia  roeeaxebea, 
•od  of  which  few  other  record*  are  extant 
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is  still  an  itnmensc  extent  of  North  American  eoil  where  the 
iiidufitr^'  Aitd  tho  folly  of  man  have  as  ^-et  pi*odnced  little 
approfiatlo  change,  llcre,  too,  ^rith  the  present  increased 
facilities  for  ecicniific  observation,  the  future  effocta,  direct  and 
contingent,  of  man's  labors,  can  be  nicaiured,  and  such  prernii- 
tions  taken  in  those  rural  pnwosses  whirh  we  call  iinproTc- 
ments,  oa  to  mitigate  erils,  perhaps,  in  siDine  degree,  insepara- 
ble from  even-  attempt  to  control  the  action  of  natural  laws. 

In  order  to  arrive  at  safe  conci unions,  we  must  first  obtain 
a  more  exact  knowledge  of  tlie  t<ipography,  and  of  the  pres- 
ent superficial  and  climatic  condition  of  countries  where  the 
natural  snrfnce  i»  as  yet  more  or  lew  nnbroken.  This  can 
only  be  acc^imphsihed  by  at^cnrato  purveys,  and  by  a  great  mid* 
tiplication  of  the  points  of  meteorological  registry,*  already  «o 
nnmoroiis ;  and  tut,  moreover,  coiisidorable  chants  in  the  pro- 
portion of  forest  and  of  cultivated  land,  or  of  dry  and  wlioUy 
or  paitially  submerged  surface,  will  often  take  place  witliin 
brief  pcriorlp,  it  is  highly  desirable  that  the  attentitm  of 
observeit*,  in  wlnwc  neigliborliLM.Ki  llie  clearing  of  the  soil,  or 
the  (Irainnge  of  lakes  and  swampn,  or  other  great  works  of 
rural  iniprovonicnt,  are  going  on  or  meditated,  should  be  ospe- 
uially  dran*n  not  only  to  rev<4ntiona  in  atmospheric  tempera- 


*  Tbe  geaend  Uw  ol  teinpemtun  U  Uut  it  decreases  m  we  iscesd.  But, 
tn  bill;  r«^onfl,  the  lair  b  revniial  in  onid,  still  weather,  the  cold  sir  doHo^tul. 
in;,  by  teasoB  of  ttt  gntia  giaritjr.  Into  th«  viill«m  If  thcr«  be  wind  enoogh, 
bowfver,  to  prodaoa  »  di«bitbaiiM  uul  inlcrtnixtara  ot  highv  md  lower 
fttMOspberio  atratA,  this  cxo«ption  to  tlM  arer>«nil  law  -Iom  not  take  plue. 
ThOM  (sct«  have  loDjt  been  fwriilinr  to  tho  commoti  pcu|ilu  of  Switzi;rliuii]  luid 
of  Ifftw  Enjcland.  L>at  th«ir  iuiportAnc«  ba^  not  boon  safBcientlj  t^kca  into 
aucDunl  in  tbts  ducnasioi)  of  mEtBaralogitnl  obMTrRtloDH.  Tba  denomt  of  t1i» 
cold  ftfr  and  the  rise  of  the  irarm  ftffect  tbe  rcUtlT«  tenpentarw  of  hitbi  and 
vallejB  to  a  iiiQch  greater  «xUmt  tban  has  buoa  nmally  suppoMd.  A  boqUi- 
uaa  w«ll  known  to  nut  kopt  n  ihennomocriool  i«oord  foe  acarly  half  »  ccnturj. 
In  B  Kew  Otflaod  oiMtntxjr  lawn,  at  ui  elflvntion  of  at  lout  1,300  foot  aboTo 
ttie  wft.  Parfof  th««6  jevn  hU  tlicnnonictCT'  iKTcr  fell  lower  than  38^ — 
Fftbrotih«it,  whlla  «t  tho  ahira  town  of  tho  oountj,  ii!ta»t4Kl  tn  ft  bonin  odb 
thottond  foet  lower,  and  otiIt-  te^  mDw  dirtMit.  as  wril  u  at  oth«r  polati  hi 
rfmilar  postUaiiB,  tba  mervaiy  frost  a«rarJ  tirnea  la  tbfl  aamti  period. 
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tnro  and  precipitation,  but  to  the  more  easily  aBCurtained  aud 
perhapc  more  Ini^Mirtatit  local  ch»ngee  piXKliiced  by  these  ope- 
mioiitj  ill  the  leiiipcmtnra  Hnd  the  hvgrotnotric.  etate  of  tlie 
uipt^rfiuial  titrata  of  the  earth,  aud  iu  iu  8]x>iitaDeoiis  vegetable 
and  auunal  products. 

The  nipid  ext^iisiou  of  railroads,  which  now  everywhere 
keep  pace  with,  and  tfometiinee  eveu  precede,  the  ucciipHtion 
of  now  soil  for  agrtuultni'al  pmiHittes,  fiiiu)«boB  great  facilitiea 
for  etilarjriag  onr  knowledge  of  the  topography  of  the  territory 
llicy  traverse,  hccanso  their  cuttings  reveal  the  compubitioa 
■lul  ^neral  etructuro  of  surface,  aud  the  iueUuation  and  cicvar 
tion  of  tlioir  liiieu  ninstittite  ktiuwn  liyptMnuetrical  i>cc^lioiift, 
which  give  numerous  points  of  duiMirt.ure  for  the  itieasuro- 
raent  of  higher  and  low^or  stations,  and  of  conrKO  for  deter- 
niiuing  the  relief  aud  depn^fiion  cf  Bin-fat-e,  the  slope  of  the 
beda  of  waiercourscci,  aud  niauy  other  not  ic«s  iiuiwrtaut  que»- 
liom,* 


*  II«ilroad  Furrc}^  maKt  ba  TOcvirsd  wilb  gnat  onatioa  wh«T«  an.v  motive 
exlat*  for  rooK-ing  tham,  Oa|)jla]u>U  «ru  %\\f  uf  fiiirmtnieatii  In  ruiuln  wiLh 
Me«p  fiiidci,  ukI  of  conne  it  la  important  to  nutk^  a  fair  «buw  of  fnuiliiioa  in 
obtaining  Ciuida  for  new  roiiteM.  Joint-ctook  ounipniilnH  liave  im  souls ;  their 
auu)«ecn.  in  g«ni>nil,  no  owuciences.  0mm  «ui  Im  «it«d  wti«n  ftn^iwMM 
Btd  dirMtOTs  of  rftilrtMulH,  wlih  long-  pndw  »1>ov«  one  hniulred  foet  to  tha 
mile.  huTo  fefCtUoTly  vwom  in  tlwtr  uiniiE]  reportn.  (or  yttn  In  siicoeaalon, 
thfet  Ihtre  were  no  gniden  npon  tbHr  raut«R  exococliiiir  liuU  ihnt  elovaiion.  la 
(m?<,  ororr  TMrwm  vunTenomt  vrilh  tbe  hintorx  of  th«w  eot«tpruc« knowi  that 
to  Ui'^lr  puldio  DtateniBuUi  fklaehood  i8  tlio  rolu.  UuUi  tho  exception, 

Wlut  I  am  about  to  Temark  In  not  exactly  relevant  to  mjr  mbjcct ;  but  it  !• 
Itanl  to  "  ipA  the  tluor"  in  th«  wnrtd'fl  (front  detintin^  aodoty,  and  whan  s 
flpHlccr  who  baa  anjrtliin^  lo  nj  onoo  flnda  aooeM  to  tfce  pablio  car,  Iw  noab 
nolw  Uw  muNt  of  \Aik  opimrtaLitjr,  without  iaquirinf  too  nioelj  wbetber  kla 
ofaeemitlotui  are  "in  onlfir."  I  iihall  barm  no  han<«t  man  hy  Cfideavoilnff,  aa 
1  ham  often  0<id6  eUewlien;,  to  excito  Uie  nttuntton  of  thinktit^  aikI  ooriKimi' 
dona  tiMii  to  the  dangen  vlilch  tlireat«a  tbe  ^reat  moral  and  even  ]M]ttt)oa]  in- 
tenarta  of  ChrMvndom,  from  the  unHcmpoImuBtHa  of  Uw  pnvnto  aaaoaiatk» 
tl:itt  BOW  ocntrol  the  mimetary  afEaint,  and  re^lats  tbe  tmndt  of  penona  and 
properlj.  In  almost  crtfi7  dvilisetl  ontiutrjr.  More  than  one  American  Statq 
H  IKcruli  V  ((oremed  by  nspriudpled  eorpi^nitioi»,  which  not  odIjt  de^  tbe  I<'^> 
ladTft  pcvur,  trat  bare,  too  ofbeo,  oorruptod  cvim  tlie  MJitiiiiiatcatJon  uf   jua* 
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Tlie  geolojsical,  hydro^iTaphieal,  ftnd  topog^rapliical  gurrcrs, 
which  ahaoBt  ercrj  general  and  even  local  g^>Tcrnme»t  of  the 
civilized  world  ia  carrving  on,  are  milking  tc»  nKHti  important 
coutribtttions  to  oar  Btock  of  goo^ra|>hiual  uud  general  phvsiical 
knoxflcdgc.  and,  within  a  coinimnuivelv  short  fijiace,  there  will 
be  an  accninnlation  of  well  ctstablished  constant  and  historical 
facts,  frotn  which  we  can  safoly  rcaaon  upon  all  the  relations 
of  action  and  reacliou  between  inan  and  external  nature. 

Bnt  we  are,  even  oow^  breakhig  np  the  floor  and  wiun- 
Bcoting  and  doon  and  window  frames  of  our  dwelling,  for  fuel 
to  n'arm  oar  bodice  and  to  seoihe  onr  pottage,  and  the  world 
cannot  afford  to  wait  till  the  stow  and  eare  prri^T^gs  of  exact 
science  has  tanght  it  a  better  economy.  Many  practical  Icmods 
have  been  leanicd  by  the  commun  otiscrration  of  unschooled 

tiecL  Th*  tieinaiilmu  power  of  Uww  •oaoeUifcians  b  dna  not  merelj  to 
peonniArj  oocri|iUou,  but  pArtif  to  ma  old  l«g»l  MiiMiktitioo — foeit«tcd  t^  Um 
AuMtm  tit  thm  Snpntoe  Coort  of  the  Unitad  State*  in  Lho  funoitu  Dartmouth 
CoUc^  mm  in  nyud  h>  tbc  ucr«dii««  of  cor[K)nile  preto^tircs.  Tbete  t* 
BjO  good  reawm  why  private  rfgiU  derired  ftom  God  and  the  wry  cotiMiio- 
tiou  of  •ocietjr  ahould  be  !en  rMpeot«d  ttum  phTil«;[vs  giatil«d  hj  legiaiotorofc 
It  Bboald  aorsr  bo  furgouaa  that  no  prinUffe  can  he  a  r^A/,  aod  lopatatira 
bodiaa  ought  ueY«r  to  inaka  a  grant  to  a  curpornciou.  without  expreai  leaer- 
TaUon  at  what  many  soand  jnriBii  now  hoM  to  be  larolred  in  Uic  very  natnn 
of  niclj  gTuOm,  tba  power  of  revooation.  Similar  evils  have  become  almott 
«qaally  rife  in  Enifland,  ood  on  tfae  Cnntineiit;  acd  I  believe  tlic  dmj  of 
eomukerdal  uorallCy,  oud  of  the  aeiuie  of  all  higUer  obligatioos  than  thone  of 

■  poeaniai7  nature,  on  both  sidea  of  the  Atlantic,  ia  to  be  aaoribed  more  to 
tlw  Influeoca  of  ^oint-atoclt  banlu  and  manufacturing  and  tnilway  oompaaica, 
to  the  workinga,  in  abort,  of  what  ia  caltad  the  t>rincIplo  of  *'  aasodau  ao> 
tiau,"  than  to  any  othnr  one  came  of  deraonlisalion. 

The  apophthe^im,  "  ttie  world  im  govenml  too  much,'*  though  unhappily  too 
truly  ipakeD  of  many  oountrioa— and  p«rbap«,  Lu  wnaa  aapeota,  tmu  of  all- 
has  don«  mncb  nlji^hlof  whenever  it  haa  been  too  nneoodltioaally  a^oepted  aa 

■  political  axiom.  The  pofmlar  apprebaoaioo  of  being  oT«r>goven)«<l,  and,  I 
■m  afraid,  more  emphntically  the  fear  of  being  over-taxed,  haa  had  much  to 
do  with  the  gGnnnl  abuHluuaait  of  certain  governmental  Outira  by  the  mllbg 
pow«ra  of  tnoat  mndrm  itataa.  It  la  theoretically  the  duty  of  government  to 
piovida  all  thorr  publit;  fat;ilities  of  inleroommunicntion  and  commeroe.  which 
u«  emeotial  to  Uie  pni«|ifri1y  of  dvillud  oonraonwealtha,  Int  wbioh  indi- 
vidual meaoa  are  inadequate  to  fondah,  and  for  the  doe  admiuittratioa  of 
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men ;  aud  the  tcachiuge  of  Bimple  expericiiuu,  un  topics  vhere 
natural  philosophy  has  Bcarcely  vol  spoken,  are  not  to  be 
despiM^d. 

lu  tUcie  hniiiMe  p&gee,  whidi  do  not  in  tlio  least  Aspire  to 
rank  among  sciciititic  cx[K)&iiion8  of  the  lawA  oJ!  nature,  I  Bhall 
attempt  to  {^ivc  the  most  iinportunt  pnictlcid  conthieions  eug- 
geated  by  tlie  liUlory  of  iiuiu'r  efforts  to  ruplunlsh  the  earth  aud 
snhHne  it;  and  I  bhall  aim  to  Bii2>])nrt  tliodo  conchtsions  bysnch 
Ekcts  aud  illnf^trations  only  m  aildj'ess  theiu^ielvca  to  the  iinder- 
•tandin;;  ot  every  Jntellij^eut  roador,  aud  as  are  to  be  found 
recorded  in  works  ca^mblu  of  profitable  ^wrueal,  or  at  least  con- 
snhatitm,  by  peniuiis  who  hare  not  enjoyed  a  special  scientific 
train  iug. 

wfaioh  Indtvjiltial  gnorantiei*  ttra  insnlfldctiit.  lleuoe  puhliu  ronds,  caiuiLs,  rail- 
natiih  ]NMtel  cumitiuuiattioDa,  tJi»  drctilntisi?  medium  of  excbBUffe  whether 
mptnllfR  nr  TeprraentatiYe,  urmiea,  TUiriefl,  heiag  all  matierB  in  which  the  oft- 
tion  Kt  Uii^  bns  »  ^-wttjr  ilMper  iDtanst  Cban  *ny  pri  v&te  KModiitiuu  can  haT«, 
oo^ti  logftlnuMy  to  be  ouiuitraoted  latd  provided  onljr  bjr  that  which  is  the 
Titlbls  p«CB<mififiaU«D  and  «iiibodiniei)t  of  Ui«  nation,  nam*);.  lt«  legiitlaUTe 
liiMul  No  danbt  Uie  organlxatlon  ivnd  innna^inant  nf  thowi  iaxtlliiUoiii*  by 
gOTcnuiirat  art)  liabi«,  as  at*  all  tlilt];pi  htiman,  U>  groat  abnttee.  Ttis  inultt- 
l^lflaUffli  of  iHiblia  placoboldtira,  which  ibey  imply,  is  a  ourioss  flrti.  Hut  the 
coxmiilioii  tlins  enymderwl,  foul  aa  it  m,  doe»  not  atrike  bo  deep  a«  thn  rot- 
teuaeai  of  |irlvate  oorjKiratioiui ;  and  ofTicial  rank,  poaitioii,  and  duty  have,  in 
jmolioe.  proved  betWT  f>e<mrtties  for  fidelity  and  pecuniary  inteRTity  in  the 
eoDdaot  of  the  intvrrata  in  qaBstioD,  chiin  tlio  sot^tynhipe  of  private  corporate 
Offeittii,  wboM  txiDdgmeii  no  ofteo  fail  or  ab«cond  bofoni  their  ptiiuapal  ii  dn- 
leolad. 

Uaay  theoretical  itatestnec  hnra  thonghl  that  voluntary  asaociatioiu  for 
•triolly  peoouiary  and  ladiistii.'U  purposos.  and  for  bho  constmctioQ  and  con* 
tnd  of  publio  worka,  mipht  furiiinb,  in  dcriim^rotic  oountrii.'H.  a  cocnpensation 
for  the  xmaD  and  doabtful  advoutAgnit.  and  at  tho  moo  timo  eooun  an  ex- 
emptioo  from  the  ^'Bt  and  cortnin  erilff,  of  arlatocratdo  iiutitniions.  The 
example  of  the  Americaa  Sutes  abowa  thai  private  ooiporatioua— wboN  rule 
of  action  u  thn  ioterost  of  tJio  amocioiion,  not  tho  cotwcieooe  of  the  iiidi- 
ridujtl— thongb  oompoeod  of  ultra-d«mocratlo  elemeoU,  n»y  booomo  moat 
daneeroMa  eneatiea  to  Tational  liberty,  to  the  moral  intexecta  of  tho  ooiamoO' 
wealth,  to  tbe  pority  of  leglAlation  ud  of  jadiciil  aotion.  lud  to  the  uorod* 
nea  of  pdvnte  rigbta. 


or  Asnui. 


r>MP9  of  iB(OMBiili*iiB-AgricnteMrf  f  ■■Bti  rf  Ac  Caited  glBtw 

<rflih-Plmrtiwia<tA    niiryn^r^fa|iyrtiM  af  M»i*- 

Has  ai  ta«et»— DMtraotfaa  of  iBBMa>— MiiiBt*  i 

Modern  Gt^0grtt^k^  ctuhroem  Oryanie  Zt/k. 

It  vw  ft  luuTow  Tiew  of  geo^rnpbj  iriuch  ooofined  that 
ecienco  to  deltiieatUm  of  tojTeetrinl  mu-^kc  ftml  ontline,  uid  to 
(leseri|)tion  of  the  relative  pniiiiioa  hikI  tna^iitude  of  luid  aiid 
water.  In  ite  iiii|>i»\etl  form  it  embnu'^-s  luit  imlv  the  gli»bo 
it^-If  and  tlio  aitmatplere  wliich  batkee  it,  but  the  living 
tiiiiif^  wliiub  v^|;etatti  ur  more  upon  it.  tho  varied  iiiHucnced 
t!i(-v  esept  itjKfli  each  other,  the  reeiproeal  aeti"n  nitd  rewlioii 
IwHwotMi  them  and  the  earth  thev  iiiliabit.  Even  if  the  end  of 
gciiyrapbi^ral  ^ituJicA  were  only  tn  obtain  a  iinu\vlfd<»i*  of  the 
uxtemal  fonn»  ol  tlie  iniuernl  and  flnid  uiae^es  which  constitute 
tlte  {!;lobe,  it  would  ^till  be  necessary  to  take  into  account  tiui 
element  of  lifn;  for  every  plant,  every  nninift),Is  a  geographteal 
fijiienuy,  man  a  de*<trtictivi*,  vegetabU-s,  and  in  some  caMS  «vtn 
wild  iMtastA,  re^U/rative  powen. 
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TJie  rnshiii;^  watcre  sweep  down  earth  f  itmi  the  uplnink ;  in 
the  firet  moment  of  rej^Kwe,  vejiic'tatinn  sccrks  tn  rGe-^tahlirih  itself 
ijn  the!  bared  surfiice,  and,  hy  the  slow  dfc|nwit  of  itJ>  dvraying 
piY«lnct«,  to  raise  agani  the  soil  which  rho  toiTent  had  lowered. 
So  important  an  element  of  reconBtruotion  in  thiti,  that  it  has 
been  serioDsIy  questioiie*!  wliuther,  njwn  tlie  wli'jle.  vtffciatiou 
does  not  contribute  as  much  to  elovatC;  ne  tlie  walei-s  Ut  depresSj 
the  level  of  the  surfaee. 

Whenever  nrnn  has  transported  a  plant  fmm  its  native 
hahilut  to  a  new  soil,  he  Uha  introduced  a  new  geo*rmpliical 
fvrce  to  act  n(>on  It,  and  (his  gcneruUy  at  the  expense  uf  t»uine 
indigenima  growth  whiidi  the  forcign  vc^'talde  lia;*  eupplanteil. 
The  new  and  the  oM  plants  are  rarely  tlio  (*»pnvalentfi  of  each 
other,  and  the  subBtitntion  of  an  exotit:  for  a  native  tree,  fthmb, 
or  grasB,  increases  or  diminishes  tlie  relative  iniiK)rtancc  of  the 
vejrctahio  element  in  the  piography  uf  thu  oouniry  lo  whit^h  it 
is  reninved.  Fuitlier,  iiiati  yows  thai  ho  may  reap.  The  pro- 
ducts of  af^ricidtural  industry  ore  not  siiffercsd  to  rot  iijion  the 
gronnd,  and  tlniA  r^im  it  by  an  annual  strntntn  of  new  nuniM. 
Tliey  are  gathered,  tranajioi-tccl  to  gl^'a^or  or  le^s  diataneea,  and 
after  tltcy  have  served  their  uses  in  human  economy,  they 
cuter,  on  the  final  decoiii|>08iti<m  of  thulr  elunienl^  iiit<>  now 
oiiinbinatiiinR,  and  an;  only  in  Hinall  pn^jx^rtittn  iTtumeJ  to  the 
Boil  on  which  they  grew.  The  roots  of  the  grn*wes,  and  of 
many  other  cultivated  plants,  however,  usually  remain  and 
decay  in  the  earth,  and  coiitrihute  to  raitic  its  i>ui'fucc,  though 
eertainly  not  in  the  same  degree  as  the  forest. 

The  smaller  vegetables  which  have  taken  the  plate  of  iro« 
tinquestionalily  |*erforin  many  of  the  same  functions.  They 
radiatti  licat,  tlioy  abwrb  gaacfl,  and  exhale  unconibined  ga^ea 
and  watery  vapor,  and  eonso^iiently  act  iiix)u  the  chemical  con- 
etitiilion  and  bygnpuii'trical  condition  of  tlio  air,  thcii-rootApeiuv 
trato  the  earth  to  gi-oator  ilopths  than  is  ooninioidy  «uppo*e*l,  and 
fonn  an  inextricable  labyrintli  of  iilamenta  which  bind  the  soil 
logeiher  and  prevent  iti?  en>ii>ton  by  water.  The  bniad-lcavcd 
anniiHU  and  perenuiaU,  t(X),  ^haJc  tlie  ground,  and  prevent  tlie 
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evaporation  of  moialnrc  from  its  Burfaco  bj  wind  and  son.* 
At  a  certain  stage  of  growth,  grass  land  is  pi-oltHblj*  a  mure 
energetic  evajMirator  and  refrijrerator  than  even  llie  furost,  but 
this  powerful  action  is  exerted,  in  its  full  intensity,  for  a  com- 
paratively ehort  time  only,  while  trees  continue  eucli  fuiictionfi, 
with  nnahaled  vij^or,  for- many  inontlLs  in  bi  iff  "ess  ion.  U|kjh 
the  whole,  it  seeinei  ijiiitu  oerlain,  that  no  cuUivatcd  ground  is 
&6  eflicient  in  tempering  climatic  extremes,  or  in  conservation 
of  p;eo^;rapLieal  suifacc  and  outline,  as  is  the  soil  whiuh  nature 
herself  has  planted. 


Origin  of  Domeatic  Plant*. 

One  of  the  most  important  qnestiona  connected  with  our  sub- 
ject is:  how  farwc  are  to  regard  onr  cereal  grains^ our  esculent 
bulbg  and  nuAs,  and  the  multiplied  Iroe  fruits  of  our  gardens, 
as  artificially  nxxlilk'd  and  improved  forms  of  wild,  self-pn^jja- 
gatiug  vegetation.  The  narratives  of  botanical  travellers  have 
often  announced  the  disiovery  of  the  ciiiginal  form  and  babilut 

*  It  te  iiapo«dbl«  to  n.7  how  for  the  abatractlMi  of  ir>kt«r  from  tbft  e»ith 
bgr  brtwd-li>iLvitd  ftskt  juid  gudttn  plnnfai — anda  tu*  mnlBu,  the  gourd  famitjr,  the 
oabb«£«,  Ac. — ifl  coin|)«iuat«(l  bj  the  condeiinitiAn  of  d«w,  «-hiah  sonMtfnM 
poani  Croin  Lhom  in  a  itmun,  Ipj  tli«  exlulatioo  at  nqucoiu  vnpor  trooi  tlMlr 
le«TM.  which  is  directly  ftbMtrbed  by  the  ffrnniu),  uid  Sj  the  «belt«r  tbey 
affcnnl  the  toil  (rom  nnn  and  wind,  tfaae  iirefenUiig  evaporatiou.  Amcricaa 
fanuera  often  say  that  after  the  learca  of  Indian  oom  nre  iargt  f^trngh  to 
"ahade  the  grounil,"  thrre  is  little  duig«r  Uwt  the  pUotn  will  nuffur  rnnn 
diooght;  Ifiit  it  >*  protMkble  that  the  coinparatire  aecnrlcjof  the  A«ld«  from 
thhi  BTil  LH  in  ]Hirt  duu  to  the  fact  that,  at  thla  peiiud  of  growth,  the  roots 
pMi«tnt«  down  to  ft  ;ii>nnanentl7  hamid  atratum  of  nofl,  and  draw  from  It  the 
molstnii)  the;  m|uiro.  Stirring  the  ground  between  the  rowi  of  malxo  with 
a  light  harrow  or  ealUvator,  In  rerj  drj  Mamna,  fa  often  Tanommendcd  a<  a 
preTmttve  of  Injury  by  dnw^hL  It  would  seeoL,  Indeed,  that  looaeuin^  and 
tunisg  orer  the  vnrface  earth  might  B{rgniT>to  the  erll  by  promotiBr  tho 
evapomtion  of  the  little  remolaiiig  motJituro ;  but  tho  i>iivctioo  ia  founded 
partly  on  the  belief  that  the  hnroaooptdty  of  the  aoU  i«  inereoMd  by  it  to 
ntoh  a  degree  that  ifc  gafau  man  by  abaorptioo  than  it  loses  by  ernpomtion, 
■nd  paztly  on  the  doctrine  that  to  admit  air  to  the  rootlets,  or  at  least  to  tho 
earth  near  them,  is  to  supply  directly  elementa  of  vcfretahle  growth. 
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of  domesticated  plants,  and  ecicntific  jonmaU  liave  dcsciibed 
the  cxperirac'UtB  bv  which,  the  identity  of  particular  wild  Jind 
cnlfivHtcil  \'cgptablp«  has  been  thought  to  bo  established.  It  i» 
coiiti'ieiitly  nftirnied  that  maize  and  tho  jiotato — wliidi  wc  must 
eappoee  to  have  been  first  cnlUvated  at  a  TOHcb  lator  peri(,>d 
than  the  lynadstuffg  and  moat  other  ef<Milent  ve^talrlcs  of 
Enropc  and  tbe  KasI — arc  fuiiiid  wild  and  etilf-propagating  m 
SpanitJi  Anierim,  thoii^li  in  forms  not  ree<^uizab!e  by  the 
cotnmon  obaorver  as  idiMitical  wilh  thi-  familiar  com  and  tuber 
of  modeiD  agricnlture.  It  was  lately  assorted,  upon  what 
■eeined  ver>'  strong  evidence,  that  the  ^gili/}>»  ovatii^  a  plant 
gn>wi«^  wild  in  Sontlieru  Franco,  had  been  actnally  convLTted 
into  (.-oinmon  wheat ;  but,  upon  a  repetition  of  the  experiment*, 
later  obeeners  Imve  dcularcd  that  the  apparent  cliange  was 
only  a  case  of  temporary  bybridation  or  fei'.uiidatloti  by  llie 
poUen  of  true  wheat,  and  that  the  grass  alle^^ed  to  be  trans- 
formed into  wheat  could  not  be  perpetuated  as  sueJi  from  its 
own  *v&\. 

The  very  j;reat  modifications  which  cnltivated  plants  ore  con- 
atontly  undergoing  under  our  eyes,  and  the  nnntcnins  varieties 
and  races  which  spring  up  among  tliem,  certainly  countenance 
ihc  J'H'lriue,  that  bvcpi'  domesticated  vegetable,  however  de- 
pendent upon  human  care  for  growth  and  pni|>agation  in  ita 
prtt^eiit  form,  may  have  l>een  really  derive<I,  by  a  loni;  sncces- 
eion  of  clianges,  from  some  wild  plant  not  now  perliajw  innoh 
resembling  it.*    But  it  is,  in  every  case,  a  cpiostion  of  evideucse. 


*  Wlial  b  Um  p«Mit>l«  limit  of  mdi  chiuig«B,  w«  do  not  know,  but  Vk«y  inaj 
doahdew  be  Burifxl  TUMtly  twyond  what  expRrienoo  hiut  yei  nhnwii  to  be  jtrncti- 
akU«L  Clvilii«d  man  hiw  BXparluimtod  Lttlo  no  wild  plimte,  and  wpminltj  on 
(afoit  trMB.  Ha  haa  indiXMl  itnproTAd  thn  fruit,  and  dt^v^loped  new  Tftriotiw, 
of  U>«  cbMtmt.  bj  cnltiTaUoi],  and  ft  ia  ob«erv«<l  thnt  our  Ani«rioan  formb-mw 
mibi  and  borioa,  sucb  aa  Uio  buttoniub  and  tbn  wild  mulbony,  tiocaeiui  lai|^ 
md  better  flavoTtMl  la  aalngle  fr^ncnttlon  bjr  planting  and  UAiaiwg.  tBavANT, 
Ferat  Trt€t,  1871.  pp.  09,  115.)  nity  ifbould  uot  tho  Ladunlrr  aod  ic^nu- 
\ty  wblob  \\a.Tts  wruogbt  kikJi  woudfru  in  oar  horticulture  produtM!  aoalo* 
gov  n»ul[«  whcu  appbod  to  tbu  cullivutiou  and  ameliontiou  of  laig«r  vegs* 
UbIoaT    llfght  Bot,  for  liwtanc«,  the  irorj  nut,  the  fmlt  of  the  PhyMejAoM 
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The  onl^  satU&ictonr  pruof  that  a  f^veu  wild  plant  U  identical 
with  a  givcu  garden  or  field  vo^table,  is  the  tcet  of  exfjcri* 
menl,  the  actual  gruwing  of  the  uuc  from  the  eood  of  the  oUioTi 
or  the  ooraveniuu  of  tiie  one  inti?  the  otlier  by  tnuis plantation 
and  change  of  oonditiau.*  It  is  hardly  oouteuded  that  any  ai 
thti  eereala  or  other  plants  irnpuriaut  as  bamau  alitneLt,  or 
as  ohjeetB  of  agricultunil  indiBtn-.  exist  atid  pmpagale  them- 
selves  UDcnltirated  iu  the  saioe  form  sud  with  the  6ume  pro- 
peitieft  as  when  buwii  and  reartxl  \»y  human  art.f  In  fact, 
the  cases  are  rare  where  the  identity  of  a  wild  with  a  donM»> 
ticatcd  plant  is  considered  by  the  beet  aiithonties  as  coneln- 
■ively  establish^,  and  we  are  warranted  in  affirming  of  but 
few  of  the  latter,  us  a   historically  kiuiwn  or  experiinentally 


■nirnmijin.  'pomiHj  be  m  ipirri—d  in  tiat  m»  to  warn  aumdj  all  the  nuipoeei 
^  HBBul  1tw7  now  tiecnowBg  ao  eeaiee  t  Mlela  net  tke  tbivmu  ndUt'-iin^ 
dnefa^  taeca  beoomc,  by  oolUvatioa,  m  reelljr  tai}>ort«nt  eoane  a<  Diii(i«MBk 
to  tlw  Itiliabitmte  of  warm  climatca?  In  short,  thm  it  roota  to  tope  iaaii- 
onbhle  adnuttase  boa  the  vxenaae  of  hotaui  ikill  ia  the  iaproraUDt  oC 
y«t  notamcd  fonai  of  nv«t^le  Hfe. 

*  "no  poiiwooQe  wad  peianlp  of  New  EBgUod  he*  Imbd  offasB  eeMrtcd  to  be 
eODvertible  fauo  the  eoeuaon  garden  |iamiip  by  ooltiration,  er  rather  to  be 
the  nme  vegetable  gnwing  wader  difloeot  enmiitiona,  end  ii  is  aud  tu  he  da- 
pcired  of  Ita  d^ctaxiotw  yialtriea  almplj  bjr  an  inoreajed  laxuiaiuw  of  growth 
b  nofaf  tflled  earUL  Wild  mediriiml  i>Iaiit«.  ao  fanpoitaat  is  tba  railte  mft*- 
rto  weJfaa  of  Xew  Rift^nd  anrh  a*  [lennTrojal,  for  example  are  f<eoesatl/ 
Bvoh  loaa  aojoutio  aad  powerful  wbeo  ealtivated  ia  gatdeaa  than  when  eelf- 
aowB  on  ■•■sri  kOm.  On  Um  other  hand,  the  oaeikNu,  Ul«t}r  hitroJaetd 
tnm  Sooth  Aaecka  faita  British  India  aad  oanf  aUj  euUiTatad  there,  b  tooad 
tobecklMr  in  <|unhM  than  the  Ameriean  tree. 

t  ttuma  Mooni  uleuiiathiua  oC  WeUrtefat  ate  weethjr  off  apodal  notfaa^ 
"n«aotl  of  tfaeHaiinla,*banBiafta,  **  ptodnwa,  in  tU  primhHe  oonttleci, 
muA  wM  rje,  wUeh  is  not  luunm  as  a  ealliTatcd  plant  ia  9jn^  aad  mmA 
wfld  I«rl47  and  oaM.  Tbsns  neieah  preehely  laauaMi  the  unriiiniiadhnwJ- 
MnMnd  ptanta  fat  leaf;  ear,  aiaa,  Md  fadilht  of  sOMr.  bat  tfadr  («riB»  arc  ■■«- 
■Wy  fltSNr  mJ  poBeir  la  aoT.*^  ft* J  trtrikt  Ma- ifanftfa  wtf  <£>  TVmU- 
um^  p.  4Si 

SooM  «f  the  otrMb  at*,  ta  a  esctaia  unoMs  aetf-prepagatinr  hi  the  aafl 
aad  rfiBBla  of  Ckfiflacnia.  "  Frf—tsef  eaopa  an>  grown  fWan  the  seed  which 
Mb  eat  fa  harnsrta^.  Baift«7  haa  bom  Inown  to  n>hmMCT  five  anpt  b  mo- 
cHrion."— Pa«Tn-PaowD,  Sit  JftacAi  «i  G/iffi^nii*,  ^  IW. 
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?d  fact,  that  they  ever  did  exist,  or  could  exist,  iiidepend* 
entiv  of  inan.* 


Trangfttr  of  Vegetable  Life. 

It  belcmgs  to  v^etable  and  annnal  goography,  whicJi  are 
aliuost  scienoM  of  themseU'ee,  to  point  oat  in  detail  what  man 
hw  done  to  chan;^  the  distribution  of  plants  and  of  animated 

*  Thin  remark  is  miicb  len  npplioafale  to  fruit  tr&ee  th&n  to  f^orden  ve^et^* 
\txm  tcoA  the  ccroalta.  Tb«  wild  oraii|f«  of  Florida,  thoD^rh  once  ooiisid«ied 
iadigeDouH,  Ik  now  gvnemlly  tliMtfrht  liy  botanbta  to  bo  d»iocnd«d  from  the 
Bofopaati  omuse  iutroduuol  by  the  «&dj  coloiUnb.  On  Uie  vriJd  apple  tr««i 
of  Miiwiliiiiii  fill  nee  aii  interesUnff  chapter  lii  TnuBKAti,  Jirnursuiru.  Tho 
Bg  atul  tho  <^TB  are  found  gtow'mg  wQd  in  every  country  wIiuk  those  trees 
»re  otdttTat«d.  The  wQd  fig  differs  from  the  domeatioated  in  lu  habits,  Ita 
aeaauD  uf  fmolificaUou,  and  lU  liuect  pupulaliou,  but  te,  I  believn,  not  ifpo- 
oUoally  dwdcgniHhAble  from  the  gnrdeu  6g.  though  I  do  not  know  that  it  !■ 
reoIaiinahU]  by  cuItiTation.  The  wild  oUre,  which  in  m>  aliundant  in  tba  Tu* 
oui  MarernTna,  pnKlncen  pnod  fruU  without  turther  carv,  when  thinned  out 
■ad  freed  from  the  shade  of  other  tieiM.  and  in  pnrtioaLu-ly  euitcd  furgrift- 
io^.  See  8ai-t*os<ii,i,  l^mnmifvutb  ifatvmme^  pp.  B8-7S.  The  olive  is  in&U 
foaooa  ia  Syria  and  in  tbo  runjnub,  and  toEma  Tart  fonsb*  in  tlie  EUmal^yaa 
at  from  l.iOO  to  3,100  fwt  above  tbn  luvel  ot  tiui  aea.— CLBOOOut,  itmtoir 
oa  Uu  'J^mtw  procured  from  tAt  India,  tto.,  pp.  6-15. 

Frlu,  KUavt  viul  I^jUmUMeett  in  tlur  Zeit,  pp.  85-38.  girca,  upon  the 
■ttChoiliy  of  link  and  othor  botaaioal  writcn,  a  list  of  tho  naUve  habitats  of 
CDOCt  cereals  and  of  many  fmilM,  or  at  least  of  lonalitios  wbore  those  plants 
at*  mM  to  be  now  foand  wild ;  bnc  the  data  do  not  ajipear  to  test,  in  (reneinl, 
■poD  v«i7  trurtworthy  uridoace.  Theoretically,  there  can  be  UttJe  doubt  tbAt 
all  our  cultivated  plants  ore  modified  forma  of  apontaneons  vepetatloa, 
iboo^rh  the  conneotion  u  not  liistorically  shown,  nor  are  we  able  to  say  thai 
tke  ocagi&ida  of  some  domeatio^od  Tevetablea  may  not  be  now  OKtinot  lUid 
«nrei«««ent<pi1  in  th«  exMnic  vOd  Qora.  Bee,  on  lihts  mbject,  Hitmdoliit, 
Ansief4fu  fUr  .\utvr.  L,  pp.  308.  SOO. 

The  Adao»  of  modem  botany  and  xofilofty  have  been  pot  to  hard  abifta  in 
flnding  naiuea  fur  the  mnltlpUed  oi|raidsinK  wliioh  tlie  Creator  haa  bronghl 
bafote  thetn,  "to  mc  what  tlicy  would  call  tiiom  ;"  and  Batnmli«ta  and  phi* 
SoKiplun  have  shown  much  morn]  murage  in  aettiag  at  nan^t  the  lawn  of 
phDolafu  in  the  oobufe  of  nnoouth  words  to  exprcaa  sctentiSe  Ideas.  It  is 
niooh  (<>  W  wi»b«d  tJtat  M>me  bold  nooIi-Rist  would  devb*  English  tudmical 
•<]iiivnlrnt«  for  the  Qermon  wneitd/rf,  run<wild,  and  tvradrit,  improved  by 
caltiTuttoa, 
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life  and  to  revolutionize  tlio  aeji^ect  of  organic  natnro ;  bnt  some 
[if  the  more  imjiortant  facts  bearing  on  the  first  branch  of  this 
subject  may  pertinently  be  introduced  here.  M(«t  of  tlie  ecreal 
grains,  the  puUe,  the  edible  root)^,  tbs  tree  fruits,  and  other  im- 
portant furms  uf  esculent  vegetation  grown  in  Europe  and  the 
United  Statofl  are  believed,  and — if  the  testimuity  of  Pliny  and 
oilier  anei(^nt  naturalists  is  to  be  depended  upon — many  of  tiiem 
are  historically  known,  to  have  originated  in  the  tempitrato 
clitnati-s  of  A»ia.  The  agriculture  of  even  so  old  a  cuuntry  aa 
Egypt  has  Iwen  almost  completely  revulut ionized  by  the  inlro- 
ducttuti  vf  foreign  plants,  within  tiie  liiHt*iricaI  period.  "With 
the  exception  of  wheat,"  says  Ilehn,  "  the  Nile  valley  now 
yielda  only  new  products,  cotton,  rice,  eugar,  in<ligo,  sorghum, 
datCB,"  being  all  amknown  to  its  moet  ancient  rural  husbandry.* 
Tlie  wine  fri*ape  has  been  thought  to  be  truly  indipcnon!!  only 
ill  the  regions  bonlering  on  the  eastern  end  of  the  lilnck  Sea, 
where  it  now,  particularly  on  the  hanks  of  the  Kion,  the  ancient 
Phafiis,  propagates  itself  ppontaneonflly,  and  grows  with  un- 
exampled luxuriance.!  But  Bome  sj^oiee  of  tlic  vino  ttecm 
native  to  Europe,  and  many  varieties  of  grape  have  been  too 
long  known  as  common  to  every  part  of  the  United  States  to 

*  On  tbcM  polnti  wo  tho  Iconwd  work  of  tlEiix.  KuUnr.  Pjl'inwa  und 
TTdert  in  ihrevt  Ut^tffOttff  dW  AMen.  1870.  On  Iha  migratioD  af  plonU 
gCDerallj,  k«  Ltem^  PrinfSpUa  of  0«atoff]f.  10th  ed.,  toI.  U.,  a 

t  The  vina-woo()  planks  of  tite  uieicBt  groat  door  of  th»  cathtxinil  at 
Bavcnna.  which  meamred  thirteen  feet  in  length  \ry  a  foot  and  a  qiurtcr  in 
width,  an  tmditioDAUj  said  to  have  boea  broo^t  from  tho  Block  Son,  itj  vnj 
of  Canataatino|Jft,  abmit  the  elercntb  or  twelfth  ocntnrj.  Vinca  of  Bach 
duDciuioiu  are  now  veij  nuelr  found  in  auy  other  part  of  tho  EaBt,  and, 
though  I  have  token  Mtn«  paina  on  the  aabj«ct,  I  nevrr  fonn^  in  Syxim  or  Id 
Turkey  a  Tine  itodc  exoaaJin^  mx  iaobcs  in  diameter,  hoik  cxclndnd.  Scbuls, 
howrvcr,  nw  nt  BeHaohia,  near  Ftolomnift,  a  rinc  rocasaring  etf^blcpn  i&chea  In 
diameter.  Stmbo  speaka of  vine-stoda  in  Uu^ianfl  (Khorwaa)  of  eucb  ditnan- 
■iona  that  two  men,  with  oaMretcbed  armii,  could  ecaroelj  em)>r»c«  thMB. 
Seo  StiuBo,  ed.  Cavabon,  pp.743,316, 8SQ.  Statncaof  vine  wood  oiemenliouil 
by  ancient  writon.  Very  latKo  Tine-st«Bu  are  not  common  in  Italy,  bnt  tba 
Tin»-wood  pan«la  of  the  door  of  the  ohapter-hall  of  the  cbarob  of  Bl.  John  at 
Bahixio  afo  not  lea  than  t«o  inohee  in  width,  ind  I  obwFrred  not  long  dno*,  in 
a  garden  at  Pti  di  Uolota,  a  vino  tiock  with  a  tnrouiuforence  of  thlr^  incbea. 
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admit  uf  the  suppualtJou  that  tliej  wero  introduced  li^'  Earupean 
coloaists.* 

It  is  an  interesting  fact  tbat  the  comincrc^^or  at  least  tho 
nutntiine  (tarrying  trado — and  the  agricullurul  and  nuHOiatucul 
industry  of  die  world  are,  in  very  large  proportion,  dependent 
on  vegetable  and  animal  products  little  or  not  at  uU  known  to 
ancient  (Ireek,  Komau,  and  Jewish  civilisation.  Iii  uuity 
instances,  the  chief  supply  of  these  articluii  cornea  from  coun- 
trice  to  which  tlicy  are  probably  indig«non&,  and  where  they  aro 
still  alniodt  exclusively  grown  ;  but  in  most  eoaca,  tlio  plants  or 
animaU  from  which  Uiey  are  derived  have  been  intnxlnued  by 
man  into  regions  now  remarkable  for  their  successful  cultiva- 
tion, and  that,  too,  in  couipanitively  recent  times,  or,  iu  other 
words,  within  two  or  three  centuries. 

Something  of  detail  on  this  eubject  cannot,  I  tiiink,  fail  to 
prove  Interesting.  Pliny  mentions  about  thirty  or  forty  oils  as 
known  to  the  ancients,  of  which  only  olive,  ^■sanic,  rape  seed 
and  walnut  oil — for  except  in  one  or  two  doubtful  paassges  I 
lind  in  tiiii»  author  no  notice  uf  liuieed  oil — appear  to  have  been 
used  in  snch  qnantiticn  as  to  have  had  any  serions  imjwrtance 
in  the  carrying  trade.  At  the  present  time,  the  now  olU,  linseed 
oil,  the  oil  of  the  whale  and  other  lai^  marine  anitnals, 
petroleum-^af  which  the  total  coni3umj>tion  of  the  world  in 
1871  is  estimated  at  0,000,000  barrels,  the  port  of  Philadelphia 


*  The  Nortlimcn  who — ••  I  think  It  tuw  lw«u  ludiiqintahlr  establhbed  hg 
Ftofe*or  Bafci  of  (V^enlugeQ— rUted  iKe  cowtt  of  )(aaa«dKtwtt«  aboat  tho 
jaar  1000,  roood  KOtpea  gnnring  Uicre  iu  iirufiuian,  nnd  the  wild  tine  vtOl 
flmirinhfii  ia  gTCftt  mriety  uid  Rbiinilnncfi  In  th«  «nttheutem  oouDtie*  of 
that  8tat«.  The  UiwDxliiiw  in  the  viotuitjr  of  the  Dightoo  rock,  nppoaed  by 
tauij— witli  whom,  howeT<!r^  I  un  iKnT7  I  euinot  agi^* — ^  bearaSoaadi- 
narian  insariirli'^n,  nboimd  Lo  wild  Tinea.  Acoordlug  to  LaUDOmciifcaa,  Iliatairv 
JftrtoNt  de  In  yipride,  reprint,  Paris,  18.'^3,  p  0,  tliL-  French  oarigaton  in  ISSS 
fonnd  fai  tXoA  pwiitnaiila  "  wild  viu«4  wbidi  ulimb  tb«  trost  and  prodaoa  good 
grapM." 


c^ 
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alone  exporting  66,000,000  gallons  in  that  year — palm-oil  recently 
intrtKluccd  into  cuintnerts!,  «ii<l  imw  ini[Mjrt4<d  into  EiiglHod 
from  the  coast  of  Africa  lit  the  rate  of  forty  or  fifty  thousand 
tnne  a  year,  tlicse  alone  nncloubtodly  give  employment  to  more 
shipping  than  the  whole  commerce  of  Italy — witli  tJio  exee|w 
tion  of  wheat — at  the  mont  flonrishinff  period  of  tbo  Kom^ku 
empire,*  Kn^land  importu  annually  nhoiit  600,000  tnns  of 
BUgur,  100,000  tons  nf  jute,  and  abunt  the  same  quantity  of 
esparto,  Bix  million  tnns  of  cotton,  of  which  the  value  of 
$80,000,000  is  exported  again  in  the  form  of  mannfactui-ed 
goods — inclnding,  hy  a  strange  industrial  revolution,  a  lai-go 
amount  of  cotton  yarn  and  cotton  tissues  sent  to  India  and 
directly  or  indirectly  paid  for  by  raw  cotton  lo  he  manufatrtured 
in  England— 30,000  (ons  of  tobawo,  from  100,000  to  3&0,000 
toUB  of  girnno,  hundreds  of  thouMnda  of  tons  of  tea,  olTee, 
eocofi,  cauutchouc,  gutia-pcrcha  and  numerous  other  important 
articled  of  trade  wholly  unknown,  a^  objects  of  oommercu,  to 
the  ancient  Etiropcan  world ;  and  this  immense  importation  is 
balanced  bra  corrusjxmding  anionnt  of  ex|iortiUion, not  consist- 


*  A  T«i7  Eew  ytmn  •ioee,  the  Cnitol  Sut««  had  morn  tima  dx  hondrud  tatg* 
ftbipa  oiiKikK««l  ia  tbe  wbils  flah«i]r,  aod  th«  Dtuab«t  of  Americait  wUal«Tk,  in  fplta 
of  tlio  introdncLioii  of  iDui;  now  aoufOM  of  oil*,  bClU  fttaountM  to  tiro  hiuulrod 
aod  aftf. 

The  catf  of  Bomo  Impoitod  tram  Rlcfly,  from  AfrioA.  md  trom  (h«  L«r«ii!l, 
taoDDOiu  qnanUtias  of  graiu  for  tnaluiloua  dist[il>aUon  among  ti»  lower 
clinMBi  of  tbo  opiUL  Tbo  pocontary  niliia  of  th«  gvnM,  the  sptew,  Um 
tuipianto,  tbe  perfoniM,  the  cometica  uid  the  ti«n«e,  irUch  came  pdocipaUy 
from  tiio  EiuA,  tm  creet,  but  tboM)  BrtJdos  «-cro  in^itbr^r  hcavT'  nor  bulkjr  and 
tb«lr  tiansportatloa  T«<|alnd  bnt  a  imiUl  ojnonnt  of  shipptu^.  Tbe  maxMce, 
tbe  obeliika,  tho  riataarj  end  other  objeeta  of  art  iilaiulctrd  in  ocmqacred 
proWiMee  hj  Unman  pniarala  endgovemon,  the  wild  ikxuinala,  mcb  as  oipphunt*, 
ifalniiccrunm,  Liiipt^iHitAtni.  cnmeloparde  nod  the  l«Kerb«aKtH  of  pre;  itniwrtod 
for  elan^rhlcr  *t  the  imbliu  iptniea,  emd  tbe  prlaooen  captared  ht  fbrei^n  wan 
aad  brouyht  to  Italy  for  nie  aa  akiTea  oe  batoheir  aa  g^adiatora,  fonuabed 
em]ito7mGnt  for  much  mora  Iwnnegn  than  all  tbe  lej^tfaaato  eommarae  of  the 
emiitm.  witJi  th>>  pc«^bla  iixoepttea  of  wfaeai. 

Indeitendently  of  the  dlrcci  tcatinony  of  IaIIu  anthon,  tho  OrsBk  etataafy, 
Bm  Egj'pfeiaD  olteluks,  and  the  vaet  qiuotltiaa  of  ton-ign  raarblee,  frauile,  (<or- 
phyrj,  btwult,  and  other  vtoiius  luod  in  ■oulptaro  and  ia  aruhiUwtnni,  whloh 
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ing,  however,  by  any  means,  oxulufiLvolj  of  articles  new  to  4Mm- 
lerce.* 

J^orfit^n  Plnnts,  Jiow  Tntrodu^ed, 

fieaidee  the  vcgctablea  I  have  mentioned,  we  know  that  many 
plants  of  amallcr  wKmiiniica!  value  have  been  the  anbjecta  of 
inteniational  exchange  in  verv  recent  timci*.  BusbeqiiJ  ue,  Aus- 
trian ambsfsador  at  Constant inoj^lc  nliont  tho  middle  uf  the 
lixteenth  century — whoee  letters  conta-in  one  of  tlie  beet 
ac'ci.>nnk)  of  Turkieh  life  whit-li  have  a])]ieared  down  to  tho 
prt?scnt  day— brongbt  home  from  the  (>tto)nan  capital  the  liliw: 
and  tho  tulip.  The  Kelgian  CliisiuB  abinit  tho  same  time  inlro- 
duc^etl  from  the  lilast  the  horse  clicstnut,  which  hne  »int'o 
wandered  to  America,  The  weeping  willows  of  Eiin)po  ami 
tho  United  Slates  are  eaid  to  have  eprun^  from  a  slip  received 


luTe  beeo  fouii<l  ia  Ute  romftiiu  of  aaolcut  nomc,  iliow  Uint  tbo  Imperial 
npiu)  latist  hftTo  cm]>Io7C(l  in  iTnmniw  amotint  of  toimic«  In  tba  importation 
of  liBfrvy  orticlM  for  irhich  tLorc  ootild  hftra  tiMn  no  ntum  Crsight,  nnleas  in 
ti)«  ycmj  of  lailitaTj  timiupoHatinn.  flomc  of  thn  Egyptiiui  obolialM  »(  Roma 
Tfii^  apwardfi  of  foar  bttodnsd  tons,  oud  lomny  of  tha  nxl  giwute  oolnmn!! 
from  tlic  aamc  country  mnst  hav«  exceeded  one  linndnyl  tons.  Oreek  nnd 
Africm  marbloH  ven  laicrtjr  used  not  only  for  cohitans,  cnlaMatnrcs.  and 
■olid  wftlla,  bat  for  owing  the  exterior  luid  reneftdnf;  the  int«ri<ir  t>f  pnlilio 
■od  prirata  buildingH.  Scanmis  imporhKl.  furtfae  vsvais  tdotie  of  a  temponn^* 
theatn  detrigned  to  iiUod  acarcelj  for  n  month,  thrM  hnodred  nrd  slxtjr 
colaomii.  which  were  diupcwod  in  tbrco  tien,  tho  lowcr  tangn  lieing'  for^*two 
feot  in  height— Sec  Pl.iKV,  Xnt.  IlvA.,  Ub.  mrl. 

Italj  produced  rvry  UtUo  for  export,  and  hvr  importations,  when  not  oondAt 
big  of  boot;,  worft  oliit^tl;  paid  for  in  onin  which  WM  ptindpolly  either  ttw 
qioil  of  war  or  tiie  fruit  of  ofGcial  extortion. 

*  Many  of  thew:  articlen  vould  ondoabtcdly  have  lieen  made  known  to  the 
Greeks  and  Konians  and  have  Ggond  in  their  oommeroe,  but  foi  tlio  iilownocs 
•ad  nnrtllnnnn  of  oneivnt  uavigatioo,  which,  in  tbe  acoa  fiunlllar  to  them,  waa 
oapaadod  tot  a  full  thirl  o<  the  year  from  the  inabilitr  of  Iheii  vcmoU  to  oop« 
with  winter  weather.  The  pioMnt  upaed  aikd  eooiKiiigr  of  tranaportatian  have 
vrooght  and  are  itill  waAisus  tttUigQ  conuoaidal  and  indnatrial  revniatioiu. 
Alffsria  now  mppUM  Northern  Gennanj  with  fresh  cnnTillowerB,  and  in  the  early 
wpaa%  th*  marktt-gmtdaoeia  of  Xnples  find  it  more  profitnblu  to  iwiid  tJlioir  first 
fntita  bo  St.  Pettmburg  thaii  to  f  umiHh  them  to  Florence  and  Itoiae. 
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from  Smyrna  by  the  poet  Pope,  and  planted  ty  him  in  an  Englieh 
gurden ;  Drotiyn  de  ITTuys,  in  a  dificour^e  delivered  before  tlie 
French  Soeivt^  d'Acdiiiiatation,  in  1860,  claiina  for  RabolBis 
the  introduction  of  the  melon,  the  artichoke  and  the  Alexandria 
piuk  into  France;  uud  the  Portuguese  declare  that  the  progciii- 
tur  iif  all  iht)  EimjiK-an  and  ATiifricnn  oranges  was  an  Oriental 
treo  transplanted  to  LifiUon,  oiid  Mill  living  in  tbo  last  genera- 
tion.* The  jireecnt  favorite  flowers  of  the  pai-terres  of  Europe 
have  het'n  inipi>rted  fnjni  America,  Japan  nnd  other  remote 
Oriental  countries,  witliiu  a  century  and  a  half,  and,  in  fine, 
there  are  few  ve^^tablea  of  any  a^ieulturnl  ttn|>oi-taiicc,  few 
ornamental  trees  or  decorative  plaiita,  which  are  not  now 
common  to  the  three  civilized  continents. 

The  statistics  of  vegetable  emigration  exhibit  numerical 
results  quite  surprising  to  those  not  familiar  with  tlie  subject 
Tlie  lonely  island  of  St.  Helena  is  described  as  producing,  at 
the  time  of  its  discovery  in  tlie  year  1501,  about  sixty  vegetable 
species,  including  some  three  or  four  known  to  grow  elsewhere 
sjao-t    At  tbc  present  time  its  flom  uumben  seven  hundred  and 

*  Tb«  Qauw  ptyrtogaUo,  ao  goamaSlj  sppUed  to  tlie  omxtg*  fa  tttij,  aMuu  to 
{•Tor  thiA  ctaim.  The  onoge,  lioweTOr,  wm  knawn  io  Eorope  befcn«  the  dia- 
eorery  of  Uw  Gape  of  Good  TIopc.  uiA,  Uierefore,  before  t>be  «eUb]i»hm«Dt  of 
dbect  roliOicma  between  Poitugol  uid  tl»  BuL— S««  jUUAI,  SU^ria  M 
^niuim-ini  in  t/icOi't,  vol.  ii.,  p,  44>'>. 

The  diite-poltna  uf  ouleni  aotl  iH>atlii.'iii  Spain  wen  cexialnly  Intntduced  bj 
the  Moon.  Leo  von  Roxmftal,  who  rUated  BaroelooA  In  1470,  txy*  thit  th« 
dat«'Cnie  gnw  in  gnmt  abondasa*  ia  tba  caviiomi  of  thai  dtj  nnd  ripened  Ita 
Cniit  well.  It  ii  bow  Bonraely  onltlTatad  farthw  oorth  thnu  Taleneb.  It  !■ 
^nptUr  fiixt  Uitt«r  ia  Ue  vetj  foil  moDogi^fli  on  the  palm  doea  not  mentioa 
thoaa  uf  Sjain. 

On  the  introduction  of  wn^ftrm  Into  EnffUmd  aee  an  intonating  aitiole  in  the 
EfUnburjjh  Iteti«w  of  October,  19M. 

UCiXER,  l^u  Buck  dor  PfianuuwtU^  p.  80,  nnerti  tliatinlMfi  the  anoeaboc 
of  all  Uw  mtdbcniH  in  France,  planted  in  1000,  waa  atill  ntandiny  in  a  gatden 
in  Uie  Tinage  of  Allan-Braat^imatt 

\  It  majr  be  ooosidered  v«i7  UsU;  probable,  U  net  oert^n.  thit  the  nndl*- 
tniniinntii'g  berimliitE  of  the  itxboonth  oentni^  moat  have  OTBrlookeil  many 
ylauta  native  to  tliU  fadand.  An  Eacti^b  botanlrt.  In  on  bour'e  visit  to  Aden, 
Amnrvzed  aevexal  qteclea  of  planta  on  rooka  alwajv  roport«d,  •▼«&  br  aden- 
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fifty  ffpeciee — a  natural  resalt  of  the  position  of  the  island  as 
Uio  lialf-way  house  on  the  ^eat  uctiui  highway  between  Europe 
ftnd  the  East  IlunibolUt  and  Bonpknd  found,  anioug  the 
onqucetionuhly  indigenous  phints  of  ti-opical  A  mon'ua,  mono- 
ootylerLona  only,  all  tlie  dicotyledons  of  those  extensive  regions 
having  been  probably  introduced  after  the  colonluation  of  tha 
Jfew  World  by  Spain. 

The  seven  hnndi-cd  new  spcdea  which  have  fonud  their  way 
to  Sl  Ilelena  within  three  centuries  and  a  Iialf,  were  certainly 
fiot  alitor  even  in  tlio  largest  proportion,  doBigucdly  }jlanted 
there  by  human  ai-t,  and  if  we  were  well  acquainted  witli  vege- 
Inble  emigratiun,  we  nliuiild  probably  be  ablo  to  bIjow  that  man 
faiifi  iiitvutiunally  traiibfcrred  fewer  plants  than  he  had  acci- 
dentally introduced  into  countries  foreign  to  them.  After  tJie 
wheat,  follow  the  tares  that  infest  it  TIio  weoda  that  gmw 
among  tJie  cci-cal  grains,  the  pests  of  the  kitchen  garden,  are 
the  same  in  America  as  in  Europe.*  The  overturning  of  a 
wagon,  or  any  of  the  tliouiiand  accidents  which  befall  the 
emigrant  in  bis  junmey  acrws  the  Western  phuns,  may  scatter 
upon  the  ground  the  seeds  he  dc'signod  for  Iiia  garden,  and  the 
herlie  which  iill  eo  inqiortant  a  place  in  the  rustic  materia 
medica  of  the  Eastern  States,  spi-ing  np  along  the  prairie  paths 
but  just  opened  by  the  caravan  of  the  settler,  f 


tUo  tatTcilcOB,  as  abflolately  barrciL  Bat  after  all,  it  mppeats  to  be  weQ 
Mt*bUab«d  that  the  odgiaai  Aon  of  8k  Helena  was  cstTcmclf  limitF«(i,  thoag'ti 
BOW  ooftnUn^  handiods  of  i9KMsifi& 

*  SocoO  jeare  ago  1  ra*«l6  a  ooUectioiL  of  vraoda  in  th«  whcatSalds  of  Upper 
XQrpi,  and  anatlier  in  the  ganletu  on  fche  Uuspbonu.  Noatljr  all  the  planla 
««•  JdeBticad  witli  Ihoaa  wbioh  frow  andcr  th«  tame  oondltioiu  in  New 
Engtaud.  I  do  not  remember  to  baTo  aeea  in  Aint-rica  the  Bimrlot  wild  poppy 
■0  ootomou  in  European  eniuflftlds.  I  have  hoaid,  however,  that  it  has  lately 
■wmbJ  the  Atlantia,  and  I  am  not  sorry  for  it.  With  oar  aboudoat  harrctta 
ct  vhaafe,  we  can  well  afford  to  pay  now  and  then  a  loaf  of  brood  for  tbs 
oheatfnl  rvK'«""»  oC  ibis  briJliJuit  flower. 

f  JoMelyn,  who  wrote  aboat  Alty  yuan  after  tha  fouodaUon  of  the  first 
BiitUi  oofony  m  New  Englaad,  Mjt  Oxal  the  aottlen  at.  FlymouUi  bad  ob- 
•erred  more  than  twrnl?  En^Ut  pUote  qiniDgiiig  np  spontaneooaly  near  theiz 
tiwyrfu  mnfHitn , 


es 
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l7Urodw!iion  of  Foreign  Plants. 

**  A  negro  slave  of  the  preat  Cortez,"  aavB  Ilumbnldt,  "was 
Hie  first  who  sowed  wheat  in  Kuw  Spain.  JJe  found  three 
graine  of  it  among  the  riue  which  had  been  brooght  from  Spain 
as  fiHxl  for  the  eoldicre." 

AlK>ut  twenty  years  ago,  a  Japanese  forap;©  iilant,  the  Le»pe- 
dfsa  striata^  whoso  seeds  had  been  brought  to  the  United 
States  by  some  unknown  accident^  made  Its  appeamnce  in  one 
of  the  Sonlhem  States.  It  spread  spttntaneonnly  in  various 
dii-Qctions,  and  in  a  few  years  was  widely  diffnwd.  It  grows 
upon  poor  and  exhaiiatcti  soils,  where  the  formation  of  a  (ni-f 
or  &ward  by  the  ordinary  grasses  would  be  iinposgible.  and 
where  conseiinently  no  regular  postares  or  meadows  can  exist. 
It  iitakos  excellent  fodder  for  >*t«ick,  and  thnngh  its  value  is 
contested,  it  is  nevertheless  generally  thonght  a  verj*  important 
addition  to  tlio  agricultural  rcsoupt-cs  of  the  Soutli.* 

In  most  of  the  Southern  ixnmtriee  of  Europe,  the  sheep  and 
horned  cattle  winter  on  tlio  plains,  but  iu  the  summer  are 

Bn(7  coBotiy  btti  auny  pbuita  oot  now,  if  cm,  mide  use  of  bjr  man.  and 
thwefoce  aol  i^ngatily  pcoi«g»t«d  bf  bim,  but  whkli  diwtcc  uvuuii  him 
dini\iag,  and  oooUaDO  to  grow  InauriAirtly  on  the  mitu  of  bin  runJ  bnbiutioa 
aft«r  he  hns  aboMloood  it.  Th«  site  of  a  oottag*,  the  t«T7  fooDdatioii  stotua 
of  Trhl«h  bare  been  carried  off,  may  often  bo  reoo^nteed,  ynn  Rftenrsrla,  bj* 
tbv  nuik  weeds  wUcb  ootvt  It,  thoQE^  do  oUwn  of  th«  tanw  <pade*  an  fouid 
for  miloL 

"Medueral  Catbotiolim,''  aar*  TaapcII,  "bnwf^ht  na  tbered  boiMboof — 
irboae  riMlJiah-biuwa  tloircr  buck  nboot  ui>  frutn  tlio  gmntM]  when  th«  now 
netta.  oad  an  followed  bj  the  lai;^  lenrea — oomfrcr  and  makc-roob,  vhlob 
grow  on]/ wbon  bfacra  w«n  oonr«tit«  and  otbnr  dwollin^intb*  Uiddla  AgM." 
— B^jeni  IndtandHitg  i  df  Datuke  Sisopt,  pp.  1 ,  2. 

*  AocidenU  Mnnctiinca  limit,  a*  well  a»  pnnnDte,  tb«  prepagatjon  of  fordiga 
Tflgetablea  In  coaotriM  new  to  thero.  Tbo  Lombardj  po^tlar  la  a  dkratooa 
traa,  and  la  nrj  aaaOj  grown  from  oattinga.  In  moat  of  the  omuitriaa  faao 
whl«b  it  bas  boan  introdDO^d  tba  eattlaga  bam  been  tnbco  from  tl)«  ratif, 
and  as,  oonaetpieDtlr,  raalcM  rnitj  bar*  grown  fnaa  thma.  tbe  poplar  dwa  not 
proiluM  H«1  In  tboae  r^ons.  Thin  In  a  foftonato  droniDabaDoa,  for  Mhar- 
wiae  this  moat  woclhlaM  and  leaat  omameotal  o(  tntm  would  ^vaad  with  a 
lapldtQr  tbat  wonld  mnko  it  an  aanoTanoa  to  Uu  agrloaltaibifc 
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drivon,  sometimes  many  days'  joiimey,  to  mountaiii  pastores. 
Tlieir  uoats  aiid  fleeces  transport  seeds  in  butli  directions. 
Hence  we  mk;  Alpine  plants  iu  ehamj>&igii  ilittricts,  the  plnute 
of  die  plains  on  tlie  borders  of  the  glacier^  though  in  neither 
case  do  these  vegetables  ripen  their  seeds  and  propagate  tJieni- 
selves,  Tiiis  explains  the  occurrence  of  tufts  of  common  red 
duver  with  pallid  and  sickly  Howers,  on  the  flaoks  of  the  Alps 
at  heights  exceeding  sovou  tlionsand  feet- 

The  liortus  siccus  of  a  botanist  may  ftciudonfally  bow  seedft 
from  the  foot  of  the  iLiuialaya«  on  tlie  plains  tliat  skii-t  the 
Alpi ;  and  it  is  a  fact  of  very  familiar  observation,  that  exotica, 
transplanted  to  foreign  climates  Buitcd  to  their  growth,  often 
escape  from  tlie  flower  garden  and  nattiraliiM?  themselves  among 
the  spoutaneouB  vegetation  of  the  ]fastnres.  ^Vll6n  the  casea 
ooiilaining  the  artistic  treat'iirc^  of  Xhorvaldften  were  opened 
in  the  court  of  tlio  nmseuni  where  tliey  are  deposited,  the 
elraw  and  grass  employed  iu  packing  them  were  scattered  upon 
tbe  gruuud,  and  the  next  bcation  there  spnuig  up  fnrim  the 
seeds  no  less  ilian  twenty-tivo  species  uf  plunta  belonging  to 
the  Human  canijuLgna,  sume  of  which  were  preserved  and  cul- 
tivated as  a  new  ti-ibute  to  the  memory  of  the  great  Scanill- 
naviun  sculpt4>r,  and  at  least  four  are  said  to  have  s|K>ntaneuUBly 
iiaturalixed  themselves  about  CupouhageiL*  The  Turiush 
arniiets,  hi  tiicir  iucureion»i  iiit«»  Kiiropo,  bwiighl  Kastorn  vege- 
tables iu  tlieir  train,  and  left  the  seeds  of  Oriental  wall  plants 
to  grow  upon  the  ramparts  of  Buda  and  VieuDa.t  In  the 
canifNiign  of  1814,  the  Russian  trcopfi  brought,  iu  tlio  stufUng 
of  thoir  soddlcs  and  by  other  accidental  meaus,  seeds  from  the 
banks  of  the  Dnieper  to  the  v&lley  of  the  Khine,  and  even 
inln)du(«d  the  plants  of  tlio  steppes  into  tlie  envimns  of  Paris. 

The  forage  imported  for  the  French  army  in  the  war  of 


*  TAUrElfL,  Uvgrn*  Indranitring  i  de  Jfunskt  Shvf^  p.  i. 

-f  I  betwvn  It  U  ucrteiu  thitt  the  Turin  in):roclu<w«1  tobsoco  Into  Hu&gw7, 
■sd  pmT<ntili>  ibat  thvy  in  Bume  iikmwum  ooinpcaiAt«<l  tb«  tDJoiy  by  intro- 
dodng  nuuio  >lm,  which,  vi  well  as  totwooo,  bus  be«o  oUisied  u  Hnqgnrian  by 
pHtiJotio  31ag}iin. 


TO 


TEGETABUE   POWEE   OF   ACCOMMODATIOW. 


18T0-18T1  has  introduced  niiuiDi-otw  plsnts  fpora  Northern 
Africa  and  other  countnes  into  Fmiice,  and  this  vegeUble 
emi^^ation  is  bo  extensive  and  no  varied  in  character,  that  it 
will  prc>bab!y  iiave  an  )m]>ortant  l>otanical,  and  even  euouomt- 
eal,  effect  ou  t]ie  flora  of  that  country.* 

The  Canada  tliistlOj  Erhji-nm  Can<ithn»€,  which  is  said  to 
have  accompanied  the  early  Froncli  voyagers  to  Cana<ja  fmm 
Normandy,  is  reported  to  have  been  introdiic*d  into  otJier  jmrta 
of  Europe  two  hundred  years  r^  by  a  seed  wliich  dnipped  out 
of  the  atttffod  skin  of  au  American  bird. 

Y^fttaihU  Power  of  Accommodation, 

Tlie  vegetables  wliich,  bo  far  sa  we  know  their  history,  eecm 
to  have  been  longest  objects  of  human  care,  can,  by  painBtaking 
industry,  be  made  to  gnjw  under  a  great  variety  of  cii-cum* 
etancee,  and  some  of  them  prosper  nearly  Cfumlly  well  wheu 
planted  and  tended  on  moils  of  ahaost  any  <;eoluj^irjd  chancier; 
but  the  eecds  of  nir*i  of  them  vegetnti;  riidy  in  artitii'lully  pro- 
pared  grouud,  they  hare  little  self-sustaining  power,  oj»d  they 
soon  perish  when  tlie  nuraiiig  hand  of  man  is  H'ith(h-awu  from 
them. 

The  vine  gcntuf  is  very  calholic  and  cosmopolite  in  its  hahitSf 
but  iMirtienlar  vaH.etie4  are  extremely  fastidious  and  exdneive 
m  their  requirements  as  to  soil  and  cUmato.  The  stocks  of 
many  celebrated   viue^-anls  lose  their  peculiar  qualities  by 


*  In  ■  oaniniiinlad.Iaii  Utetr  mnds  to  the  Tnncb  Aeadmm  j,  H.  Ttbmje  irlm 
Dain«roui  iBtotMtlng  dclaiU  ua  Udi  mb^Mt,  and  nT»  tJie  ■[•pMumnc*  of  lb* 
miuir  new  plantii obMnrocI  in  Prsnoetn  1871,  "roitniM  from  tango  mppUnl 
from  Bbrood,  Uie  boc<U  of  which  hfttl  falloa  Dpon  the  ^roand.  At  the  prmeat 
time,  serenl  Ueditcmuiean  pluite.  obiplly  AlRvrinn,  havia^  braved  the  mid 
of  an  oxMptJoniLlly  MT«n  wintor,  xn  Mug  l«rtr«>7  propayated.  fomuD^  «xt«ii- 
■Ive  meadowa,  and  cfaangtaff  aoil  that  wu  formerly  ozid  and  prodamd  no 
T«feUble  of  [miwitancc  iato  veritable  oaMei"  Soo  NATU'nB,  Aog.  1,  Id73, 
p.  QKi.  We  ahall  ms  on  a  foUon-in?  pn^  that  nuwla  an  cffioieiit  ai^eiea  in 
tbi!  uniutcutioaal  intercban^  of  orpAnio  life,  veftttable  aa  mil  M  aoimal, 
bstween  rcgloiiii  connected  b;  saoli  ehnnintlfc 
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transplantation,  aud  the  inuet  famotu  vriuce,  arc  capable  of 
pioiluction  oul^  iu  certain  u'ull-4'leiiucd  and  for  ttio  iiiuHl  purt 
iiArrow  dUtri<;Ui.  The  Ionian  due  which  hcntnt  ihu  littlij  t>loiic- 
lesfi  grape  kno^m  in  commerce  as  tbu  Zuute  uurrani,  Ixoa  resisted 
alinuet  all  eSurts  to  naturalize  it  eWwhcrc,  and  is  scarcely 
gra\\'u  exc(>pt  iu  two  or  thi-ee  of  the  Ionian  it>huids  and  in  a 
naniiiw  lerritorv  on  the  nortlieni  sIkux's  uf  the  Moroa. 

Tlic  attempts  to  inti'odiice  X^urupean  varieties  of  the  vino  into 
tlic  United  Stattshave  not  been  successful  except  In  California/ 
and  it  may  be  stated  as  a  general  rule  that  £iu-opc;iu  iormt 
and  (imamentnl  trees  are  not  suited  to  tlie  climate  uf  Xorth 
America,  and  tliat,  at  the  »ainc  timCj  Anierit;an  g.irdcii  vege- 
tablc«  are  le^  liixm-iiuit,  prodnutlve  and  tasteful  in  Europe  than 
in  the  United  States. 

Tho  saline  atmoephei'e  of  the  sea  is  specially  injurious  both 
to  seeds  and  to  ve:*y  many  youiifj  j''*'"'"'*  i*"d  't  is  only  recently 
that  the  transportatimi  of  sorae  very  important  vegetables 
aL-niMfi  tlie  ou'C&n  hiia  been  made  practicable,  through  tlie  inven- 
tion of  Ward's  air-ti^ht  glass  casi-s.  By  this  means  lai-go  niim- 
bera  of  the  trees  which  produce  the  Jesuit's  bark  were  success- 
fully transplanted  from  America  to  tho  Bntiiih  possessions  in 
tlio  East,  whci^'  tlitA  viduubie  plant  may  now  be  said  to  have 
bevonio  folly  natural  ized.f 

Vegetables,  naturalized  abroad  cither  by  accident  or  design, 
Bometimes  exhibit  a  greatly  incrcasetl  luxuriance  of  growtli. 

*  hi  16A9,  a  Yine  of  a  Enn>t>L-fin  Torfo^  planted  in  Sta.  Barbftn  Dcnuity  ia 
1&8S  meMtired  ■  foot  in  diamvter  four  f««t  ikbnrA  th«  gtoani.  lU  Tamificft' 
tiaiu  eonff<l  ten  thcnisatut  »<]uan]  foct  uf  ifuiiac«  and  It  annnally  prodaOM 
twelve  Uioiuuu)  pounds  of  grapcoi.  Tba  bunclicH  are  lixtcen  or  eljcht«en 
iBcbM  lon^  and  weigh  abt  or  sorcu  potrnda. — LMvr  /rvm  Ortnmimffnfr  t/f 
Land-Offlet,  dated  May  13,  1869. 

•)  Bca  Ci-BGOoiix,  FvrMU  and  Gardens  of  South  India,  Bdinfannjli,  1801, 
■nd  Th4  Brituh  PariiamenUMy  Rttvm  on  tha  ChineAana  jilani.  IHIM.  It  bu 
bcao  foBad  tliafc  tbs  se&ila  at  several  i^ptMiIo*  of  eiticfitnui  preserv«  t)i«ir  ritaiity 
long  onoairh  to  \i6  txouiiport^d  to  i^Utoiit  n^cuiE.  Tho  BwifttiMB  of  rtoMn 
MTifrntlon  lenden  it  pcaeihlo  to  tmupoi't  to  foi«iffn  pountfic*  not  oiilj  mnxU 
bui  d«licat«  living  plants  which  oddIiI  not  have  bonra  »  luag  Tu>>ge  b;  soiling 
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The  European  eardoon,  an  esculent  thistle,  haa  broken  out  from, 
the  gardens  of  the  Spanish  colonics  on  the  La  Plata,  a<^iiired 
A  ^gantic  Btalurc,  and  propuf^tod  itself,  in  imponetmble 
thioktits,  over  luiudreds  of  leiigueft  tif  the  Pampas ;  and  the 
AtuKAarU  aistnastrumf  a  water  plant  not  much  inclined  to 
spread  in  its  native  American  habitat,  Las  found  its  way  into 
Enj^Hsh  rivei-s,  and  extended  itwlf  to  such  a  de<;rcc  as  to  form 
a  eerioiia  obstruction  to  the  flow  of  the  current,  and  eren  to 
navigation. 

Not  only  do  many  wild  plants  exhibit  a  remarkable  ^ilitj 
of  accommodation,  but  their  Bee<]s  nBiially  poiscaa  great  tenacity 
of  life,  and  their  germinating  power  resists  very  severe  trials. 
Hen(«,  while  the  sec*d)t  of  many  eiiUivatod  vi^tahloe  lose 
their  vitality  in  two  or  thrue  yeare,  and  can  l>c  transjxtrted 
safely  to  distant  oonntrics  only  with  great  precAntions,  the 
weedfl  that  infeiit  Uinw  vf^tablep,  though  not  eared  for  by 
man,  continno  to  accompany  him  iu  his  niij^nitJons,  and  find 
a  new  home  on  every  soil  he  colonizes.  Nature  lights  in 
defetire  of  her  free  rliildren,  but  wais  upon  tlieni  wlitu  they 
have  dcKorted  her  banners  and  tamely  submitted  to  the  domin- 
ion of  man.* 

Indeed,  the  facnlly  of  spontaneous  repriiduction  and  perpetu- 
ation iiect'Jisarily  supposes  a  greater  power  of  accommodation, 
within  A  certain  mm^,  than  wo  find  in  most  donnstlcatcd 
plants,  for  it  would  rarely  happen  tliat  the  seed  of  a  wild  plant 
would  fall  into  gi'^nnid  as  nearly  dtnilar,  in  composition  and 
condition,  to  t]iat  where  iU  parent  grew,  as  the  soils  of  different 
fields  artificially  prepared  h*r  growing  a  {>aiticnlHr  vc^tablo 
are  to  each  other.  Acconlingly,  t}iongh  e\'ery  wild  species 
affects  a  habitat  of  a  particular  character,  it  is  fomid  that,  if 

*  TrtniMMta,  rlolfiiti  anon^  to  dopttroj'  all  cnltivacwt  pUato,  fif  qoently 
•pan  UioM  of  ■pODtdJncooa  eriowth.  I  h&v«  often  M«ai  in  Nortluni  ItaJj, 
Tln«;r&rda,  n&iflc  Solda,  malbrrTjr  iumI  friiic  tiMn  ooBiplatirijr  ■Lrippnd  of  their 
foliaga  bf  luil,  what  the  finrt  U«ca  »call«red  Ibroogh  Ibt  mMilowt,  4nrl  Lb« 
rimilM  aod  bnuDbln  whjcli  ■pnnir  np  hy  tbs  wmjwlA»,  fSMSfl  throogh  the 
Aideal  wiib  ■carcaljr  the  lots  oC  ft  leftdtL 
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aocidentatly  or  deeigncdly  sown  eleewbore,  it  will  gn>w  under 
ooiulitions  extreniulv  unlike  thoeo  of  its  hirthplace.  Cooper 
nys :  **  We  cannot  say  positively  that  any  jiliint  is  uncidtivable 
anipcfur«  until  it  has  Iweti  tried ; "  luid  tliie  Heems  to  be  evou 
mon  trne  of  wild  than  of  donieeticatod  vegetation. 

The  wild  plant  is  much  hardior  than  tho  douicsticateil  vcgo- 
laltte.  and  the  fiatne  law  [irovails  in  aiiinmteil  hnite  and  ovon  hu- 
man life.  The  beast«  of  the  eha^u  urc  more  capable  uf  ciidur- 
anuc  and  privation  and  more  tenacioiu  of  life,  thati  the  dumcBti- 
caicd  anitnala  whicli  moat  nearly  resemble  them.  The  Bava^jo 
Gghu  on,  after  he  has  received  half  a  do»;n  mortal  wounds,  the 
leaAt  *)f  which  wttuld  liavu  instantly  paml\/(;d  the  st reni^'th  of  liis 
civilized  enetny,  and,  like  the  wild  Imar,  ho  lias  been  known  to 
pn»6  forward  along  the  shaft  of  the  spear  which  was  traus- 
pieixrinp^  hia  vitals,  and  to  deal  a  dcatliblow  on  the  soldier  who 
wielded  it. 

Tnte,  domestieateil  plants  can  Ijo  gradually  aeeliinati;!cd  to 
bear  a  decree  of  he^t  or  of  cuhl,  which,  in  iheir  wild  state, 
tliey  wunld  iMit  liave  mipiiorted  ;  the  trained  English  racer  ont- 
Etn'jMtbe  ewiftefit  hor^e  of  the  pain|>a8  or  pridriGti.  pcrhajM  even 
the  loM  Bystoniatieally  educated  com-ser  of  the  Arab;  the 
Btrength  of  the  Kumpean,  as  tested  by  the  dynamometer,  is 
greater  than  that  of  the  Xt-w  Zcalander.  But  all  tlicsc  are 
instftncce  of  excessive  development  of  particular  capacities 
aiid  fairiilties  at  the  ex]ien?e  of  general  vital  power.  Expose 
untamed  and  domeeticatcd  forms  of  life,  together,  to  an  entire 
set  of  physical  oonditious  equally  alicu  to  the  former  habita  of 
both,  so  tlial  every  |w>wcr  of  rusistantM;  and  acc«iiinn(.Klutiou 
bLbII  be  called  into  action,  and  the  wild  plant  or  animal  will 
live,  wliilo  the  dumcsttcated  will  poriah. 


AgricuUural  Pjvduct*  of  tha  United  States. 

AceordinfT  to  Uie  censuii  of  1370,  the  tTntted  States  liad,  on 
the  fiwt  of  Juno  in  that  year,  in  round  nunilHirs,  139,000,000 
BCTC&  of  improved  laud,  tlie  quantity  liaving  been  increased  by 
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16,000,000  acres  within  the  ten  year*  next  preceding.*  Not  to 
mention  Ices  imporlaut  crops,  this  land  produced,  in  the  year 
oudiii^  ou  the  t\ay  In&t  nieiiliuncd,  In  round  nnnibcrs,  S6S,000,- 
000  buhliels  of  wlieat,  17,000,000  Imshels  of  rye,  383,000,000 
bueJiels  of  oftts,  G,000,000  hnshcla  of  pease  and  beans,  80,000,000 
bushels  of  barley,  orchard  fmits  to  the  value  of  $47,000,000, 
640,000  buslicla  of  cloversccd,  5SO,000  buslicU  of  other  grass 
Bced,  13,000  tons  of  hemp,  37,000,000  pounds  of  das,  and 
1,730,000  buEihele  of  flaxseed.  Tlieso  vegetable  growths  were 
familiar  to  ancient  European  agriculture,  but  they  were  all 
Introduced  into  North  America  after  tiio  close  of  the  sixteenth 
century. 

Of  the  fniita  of  a^cultural  industry  unknown  to  the  Greeks 
and  RonmnR,  or  too  little  employed  by  Uiem  to  be  of  any  com* 
mercial  inijxirtance,  tlie  United  States  produced,  in  the  Raiiio 
year,  74/h:i*).OO0  pounds  of  rice,  10,000,000  bualiok  of  buck- 
wheat, ;, ,i"iO  balus  of  cotton,t  87,000  hngeheads  of  cane 

BUffar,  OjO'-M-V  HJO  rrslluiis  of  cane  molaasee,  16,000,000  gallons  of 
8i;irgluim  nK)lassciT,  all  yielded  by  vegetables  inti'oduccd  into  tliut 
country  wilitin  two  hundred  yeant,  and — with  the  exception  ■■£ 
buckwheat,  tlic  urigin  ol  which  is  un<;crtii!n,  and  of  cutttju — all, 
directly  or  indirectly,  from   the   Ka&t  Indies ;  besides^  from 

•  IfintA  Cauw  of  tie  VnitM  Statta,  IflTS,  p.  841.  By  *'  improTed  "  IukI. 
la  tiie  ro|wrtA  oii  Uio  cudnos  of  tbo  Uuitail  Stetra,  b  mtant  "  clekreil  liuu]  used 
for  graiiag,  gnu*,  or  tUlnR*.  or  whicfa  is  sow  fallow.  oonnKted  *rit)i  or  bdoBg* 
tnff  teafsnB." — Iit^tnietiviu  ta  liarahabi  and  AtmUiHta,  Centua  ir^lSTO. 

t  CoUvn,  Uioogli  catUTftt«d  in  Knitk  from  Uk;  romoteni  ftntiqoity,  aad  known 
am  ■  nro  cuul  ooeUjr  prodoot  bo  Uiv  Latius  and  tbe  Qreeks,  iru  uut  lued  bjr 
thain  exocpt  u  nn  iutiel«  of  Inxorr,  nor  did  ft  enter  into  their  cnrntncrM  to 
taj  camdilemblD  oxteut  m»  k  rcftdar  objoot  of  Unportntioo.  Ttie  «4uljr  TuvogBJ* 
ikmad  it  in  oommou  ow  tn  th«  Wwt  Indies  md  In  the  prorinoeii  flrvt  oolonUed 
by  the  Spanuvrds ;  but  it  wnn  Introdnood  fatu  Die  turritoiy  of  the  United  States 
by  Eart)p«au  aettlen,  u»d  did  not  booome  of  uiy  importance  astU  tSXir  the 
RevolutUtn.  Coltonseod  wm  sown  in  Vligisia  m  early  m  1691.  bttt  wwnot 
enltimU'd  vith  a  TJew  to  prwBt  for  more  than  a  oentnry  afterwards.  8ea-i»laiid 
oetton  wu  Bnt  ^rovm  on  the  coast  of  Ocoi^a  ta  1780,  tbe  seed  bariny  bcea 
bTMsht  from  tbe  Bahamas,  where  it  had  beea  Introdaced  from  AivoiUa.— 
BiGBiiOW,  Im  AaU-Uniam  1843,  p.  870. 
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Iiidi^nous  plants  unknovm  to  aucietit  Rgriculturc,  761,000,000 
bufeliels  of  Iiidinn  corn,  2G3,f)00,000  pontida  of  tobacco,  143,- 
000,000  Iiufiliifls  of  iiolatoea,  22,000,000  Imfilielw  of  Bwt-ot  jwita- 
tiXM,  33,000,000  ponnda  of  maple  siiyar,  !uui  025,000  gallons  of 
niaplo  inoUBSOS.*  To  all  this  we  are  to  add  37,000,000  tons  of 
haj% — produced  partly  by  new,  partly  by  long  known,  jmrtly  by 
exotic  anil  jiaitly  by  nativB  hurlw  and  grassoH,  the  vahju  of 
$21,000,0i"j0  in  garden  vegetables  chiefiy  of  Eun)poan  or  Asiatic 
origin,  3,000,000  galluDfl  of  wiue,  and  many  minor  agricultural 
producta.+ 

The  weight  of  this  harvest  of  a  year  would  be  many  times 
tlie  tonnage  of  all  the  shipping  of  tlio  United  States  at  the 
cloae  of  the  year  1S70 — and,  with  the  exception  of  the  maple 
sogar,  the  maple  moliuisej,  and  the  products  of  the  Western 
prairie  lands  and  of  mintc  small  Indian  clearings,  it  was  all 
grown  npon  lands  wrested  from  the  forest  by  tlie  European 
race  within  little  more  than  two  hiindi-ed  yt'urs.  Tlio  wanta  of 
Europe  have  introtlucod  into  (he  colonies  of  ti-opical  Amoriea 
the  sugar  cnne,  i  the  eoffoc  plant,  tlie  orange  and  the  lemon, 
all  of  Oriental  origin,  have  immensely  Atiiiiuhit4;<l  the  cnltiva- 
tion  of  tlio  former  two  in  the  countries  of  which  they  are  na- 
tives, and,  of  eoureo,  promoted  agricultural  <ipcrattoiis  which 


*  Tban  ia  a  falling  oft  idaco  1800  oC  11,000,000  paitn^  in  tlie  qnautit;  of 
aaplo  ngar  »nd  of  toon  ttutn  a  mfltlom  frolloiu  of  mBplo  molauca.  The 
high  ptiooot  eaae  mgnrdahnifiuitlsuioo  tbu  Intc  civil  wur  must  have  incruasoil 
thoprMactof  miplctagar  ai\i  niolaues  bcToiii]  what  itotbcrwisc  would  hsvo 
bora.  Irat  Lbc  dumeatio  warfare  un  Ibe  woods  lias  inoro  thui  ooiDpcnajitcd  Ibia 
GSDBe  uf  incraaM. 

t  Rimt\  BMhmeria  Uiwctuima,  a  Bpcoies  of  CbineM  ii«ttle  produoiii?  a 
flbro  which  tnaj  bo  spnn  and  woven,  and  whi(?h  unites  many  at  the  properties 
of  iiflk  and  of  lioen,  haa  ht*n  oompJctclr  oatnraliMd  in  the  United  Stales,  and 
naolts  iiaportani  to  the  indiutcy  of  tha  eoonCiy  am  «xp«t^d  from  it. 

t  Tha  "osar  cue  waa  Inlmtlaoed  bj  tit*  Arabs  into  Sicily  uaA  ^paiti  as 
eart,v  m  the  uiuth  coutuiy.  and  though  It  Ik  mow  ndircolj  growu  lii  tbom 
lonalilica,  I  am  not  awan  of  anj  reason  to  donht  that  Its  uultiratlnn  might 
be  rerivijd  with  advtntaffo.  From  Spain  it  was  carried  to  the  West  Indice, 
ttongh  difforeot  vahctius  havu  since  bvui  introdui.'vd  int«i  thoao  iKlandH  from 
Olber  aoarcei; 
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innst  havo  tiSccted  tlio  googropUy  of  tho&e  regions  to  an  extent 
proportionate  to  tlie  wale  un  which  tliev  have  been  pursuu^i. 

TTwful  American  Plani»  gnnon  in  Europe. 

America  has  partially  repaid  her  debt  to  the  Kufiterii  couti- 
nciit.  Maizo  and  the  jiotatu  are  very  valuable  additioiu  to  the 
field  agrieulttire  of  K(in>|>e  and  the  East,  aiid  the  tomato  ia  no 
mean  gift  to  tho  kitchen  gardens  of  tiio  Old  World,  though 
ccrUutily  not  an  mli'^iiatA  rctuiTi  for  tlio  niiiliitiide  of  esruk'tit 
roots  and  leguminous  plants  whiuh  tho  European  culunibts 
carried  with  tlieni.*  1  wisli  I  oould  believe,  with  some,  that 
Aineriea  is  not  alone  resyionsibic  for  the  iutroductiou  i>f  tl>e 
filthy  weed,  tobaccM),  the  use  of  whivh  is  tlie  motst  vulgar  and 
|»eniftrioii6  Iiabit  engraftevl  by  the  semi-barbarisni  of  modem 
civilizatiim  upon  the  leBS  multifarious  Msjisu&Uein  of  nuuient 
life ;  but  the  alleged  occurrence  of  pi]}e-like  objeecs  in  old 
Sclavonie,  and,  it  has  been  said,  in  Hungarian  sepulchrett,  is 
hardly  sutlicient  evidence  to  couviut  thubu  rau»  of  eoniplit-ity 
in  this  grave  offenee  against  the  teinjwrancx)  and  the  refiuomcut 
of  modern  society. 

Eetirpation  of  V^eUAUa. 


lAmentable  aa  are  the  eriU  produced  by  the  too  general 
fclluig  of  the  wtKxls  in  the  Old  World,  I  Inslieve  it  doea  not 
&p[>ear  that  aiiy  species  of  native  forest  tree  haa  yet  been 


*  John  Smilh  montlaiM,  In  bb  Biitorig  of  riryimui,  1U34,  ytmm  and  iKsnn 
u  havinff  t>eeD  oofttmUd  tqr  lh«  nntivw  bafoi*  Mxt  uilnl  of  Um  whites,  mid 
thent  fii  no  doobt,  1  boUer*,  thai  MnrMn]  oounao  oooiutittaaeoiw  plant*  u«  of 
Amwican  origlii;  bat  most,  U  not  all  lbs  vaztotiM  of  poaw,  b— ni,  and  oUur 
|Mtd  thilU  DOW  gnnni  la  Anaricaa  ^"*f",  ara  fma  fioxopaaa  and  otktr 
fOcdgniMd. 

Oartjar^  A.D.  I03S-'O,  tnoitioaB  "vinra,  grmt  maloaa,  ooonmbers,  gMJiCt 
reonxgta},  pmm,  boana  of  Tadoot  colon,  but  ttot  Ilka  oun,'^  aa  oomtuoa 
anMsxg  the  Isdiaiui  «f  Ota  batika  of  the  HL  Lawnnaw. — Bnf  Stat,  eC&,  ra* 
prist.     JPwia,  1808,  pp^  13,*;  14,  bi  SO,  b;  81,  a. 
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Cxtirjintcd  by  man  on  the  Eastern  coDtiiictit  Tlie  roots, 
&taii)j>s,  trniikK,  and  folingo  found  in  bugs  are  rcco^ized  as 
Ix-lMigiiig  to  etill  extant  sjjei-ieii.  Except  iu  some  few  ca&es 
vhere  ihere  is  historical  evidence  that  foreign  material  was 
employed,  tlie  timl>er  of  the  oldest  Eiirop<?an  bui]»Ung«,  and 
even  of  tlie  lacuetiine  habitationB  of  Switzerland,  is  evidently 
the  product  of  troee  elill  common  in  or  near  the  countries 
where  enuh  arulntectural  reniaing  are  found;  nor  havu  the 
Egvjjtian  catacombs  thoniselvcs  revealed  to  ua  the  former  ex- 
ietenee  of  any  w^wds  not  now  familiar  to  ns  as  the  growth  of 
still  living  troefi.*  It  is,  howpver,  ftaid  that  the  yew  tree, 
Tanu  biuvata,  formerly  very  common  in  England,  Germany, 
and — as  we  are  authorized  to  infer  from  Tlicophrafetiis — in 
Gree«je,  has  alnnet  wholly  ilisappeBred  fnmi  the  latter  wjiintrj*, 
and  neemB  to  he  dying  out  in  Germany.  The  wood  of  the  yew 
enrpas>efi  that  of  nlmost  any  other  Eumpean  tree  in  chw*?no6S 
and  fineness  of  grahi,  and  it  is  well  known  f(»r  the  elasticity 
which  of  old  made  it  bo  groat  a  favorite  with  the  English 
archer.  It  is  much  in  request  among  wood  carvera  iiiul  triniers, 
and  the  demand  for  it  cxplaiuR,  in  part,  its  incceasing  scarcity. 

*  Soma  botanliln  think  that  a  ipootw  of  frat«r  lilj  rOprcMotod  in  maaj 
£g7pi£au  loinbB  has  beoonie  vxtiiict,  and  tho  paiijmiii,  whiith  munb  hnvv  odc« 
been  abamlant  fa  Bg7pt,  in  now  found  only  in  n  very  («n-  loGaliUm  noiu  tbo 
BOUth  of  the  SHe.  It  growt  v'Ty  vull  nnil  rijiras  iU  tweilH  in  thr  wat<;ni  of 
tba  Aaapiu  D«ar  SifracaM,  and  I  bare  moq  it  in  gaid«il  jton&a  at  Maanna  and 
in  Holia.  There  la  no  appanot  rcMOD  for  believiitg  thatitoould  not  be  aaailjr 
oaltiTated  in  £«Tpt,  to  any  ezt«nt,  if  thsn  wcm  any  Bpooial  motiTo  for  en* 
eear^ing  its  growUi. 

SB/Mum,  a  famous  mt^didxial  plant  of  LybiA  and  of  Peraia,  BceniB  to  bave  din* 
appuaiul  mHrrlj.  At  any  nh^  thcru  is  no  proof  that  it  dov  miata  in  eithof 
of  thoM  ngiou.'i.  The  SUphium  of  Gro«k  and  Roman  comment  app«ani  to 
hare  com«  wholly  troaa  Cyrrnrt.  that  from  the  Anntlo  drwrta  being  gvnpntly 
of  lem  Tala«,  or,  aa  Btralx)  aays,  porhapa  of  an  inferior  vanV^y.  Tb*  prrmnce 
acar  Otkd«  whfch  prodnoed  ii  woa  very  limited,  and  aooordlns  to  Btrabo  {«d. 
OaMab«i,p.  837),  Hivaiiatoaa  timaalmoatentlraly  extirpated  by  tba  neoiadA 
AfriouM  who  Invndcd  th»  provinoe  and  root«d  oat  tho  plant. 

The  TegetAblti  wMidi  produoed  the  Balm  of  ODgad  ba«  not  been  fonnd  In 
moilprT]  tiincf,  although  (he  locoUticft  in  which  it  ondontJy  gnw  hare  been 
sarcf  ully  Q^iilorvd, 
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It  is  also  aeserted  that  no  insect  depends  npon  it  for  food  or 
shelter,  ur  aida  in  its  fructincation,  and  birds  very  rarely  feed 
upon  its  berries :  these  arc  circniiistiinccs  of  no  small  import' 
ancc,  beuaiieu  the  tree  hemte  wiuits  means  of  propagatiuii  or 
diffusion  common  to  so  many  other  plants.  But  it  is  alleged 
that  the  reproductive  power  of  tlio  yew  is  exliatistcd,  and  tliiit 
it  can  no  longer  be  readily  propa^tcd  by  the  natuml  8<iwi(ig 
of  its  seeds,  or  by  artificial  methods.  If  further  inTestigation 
and  careful  experiment  should  establish  this  fact,  it  will  go  far 
to  sliow  tluit  a  climatic  change,  of  a  character  unfavorable  to 
tho  growth  of  the  yew,  has  really  taken  plaeo  in  Germany, 
though  nut  yet  proved  by  iiistrnniontnl  oltservatiun,  and  tho 
most  probable  cause  of  such  duuigo  wuiild  be  found  in  tho 
diminution  of  tho  ai-ea  covered  by  the  forests. 

Tho  industry  of  man  is  said  to  havo  been  bo  succe^fnl  in 
the  local  extirpation  of  noxious  or  useless  v<^>tables  in  Clilna, 
that,  with  the  exception  of  a  few  water  plants  in  the  rice 
grounds,  it  is  sometimes  impossible  to  find  a  single  weed  in  an 
extensive  district ;  and  the  lato  eminent  agricnUnri(*t,  Mr. 
Coke,  is  roportcd  to  have  oflored  in  vain  a  considerable  reward 
for  the  detection  of  a  weed  in  a  large  wheatfield  on  his  estate 
ill  £t^;land.  In  these  cases,  however,  there  is  no  reason  to  snp- 
poee  that  diligent  hnsbaudr}'  has  donu  more  than  to  cmdioato 
tlie  jietitB  of  agriciilturo  within  a  coniparativoly  limitoil  area, 
and  tho  cockle  and  tlie  durnel  will  probably  remain  to  plagno 
the  slovenly  eoltivator  as  long  as  the  cereal  grains  coiitiuue  to 
blees  him.* 

*  Althongb  ft  m  not  kDOWV  tlut  num  ban  absolutdf  extirp&tod  unj  Tv^getAblft, 
the  tajTBtcnouB  dueaaea  which  haTs,  for  tba  Urt  tweotj'  yean,  m  tc jnhonslj 
afleotod  lb*  poMo,  tb«  rlne,  the  onuage,  tha  oliT«,  and  tilk  hasbAndrr,  ten 
■■cribed  b;  some  to  a  dlmatia  <IsteiionUioa  luroilaoMl  try  excenivo  dostnuitkin 
of  the  woudK.  A*  wiU  be  aeeu  in  the  sert  ohnpCcr,  »  nUtdation  in  tbe  period 
of  iprin^  bu  been  obaarved  In  nvnwKHiB  loenlitiiM  in  SoBtbexn  Eorope,  u  wen 
u  In  Ibe  TnlMd  BtetM,  uid  tbie  obnnge  has  been  thongfat  to  hvor  tbe  nrattt 
IiUatUaa  of  tbo  obecnn  puudtee  whkli  aetna  tbe  injofjr  to  tbe  vegetablee  jut 
menlkiied. 

Babinet  eof^ioeee  the  jiviHitca  which  attaolc  the  gnpe  and  tbe  potato  to  ba 
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All  the  operations  of  rnra.1  hosbandiy  are  defitructirc  to 
fipontaiieoTis  ve^tntioii  by  the  vdluntiiry  Bubstitntioii  of  domea- 
tic  for  vrild  planbi,  and,  us  we  have  wen,  the  aniiiee  of  the 
ooloniat  are  attended  by  ti-oops  of  irregular  and  imreeognizod 
cftnip-followcrs,  which  soon  ei>tab]ish  and  propagate  themsclvea 
over  the  ucw  conquests.  These  unbidden  and  hungry  guests — 
the  gipftiea  of  tlie  vegetable  world — often  have  great  nptitiide 
for  accomiuodatinn  and  acKlimatioiij  and  Bomotinieacven  crowd 
oat  the  native  growth  to  make  n>oin  ffir  tliemKcIves.  The 
botanist  Latham  infomu  lis  that  indigcnons  flowering  plants, 

umnml.  noi  ▼ogeloble.  and  he  ascribcii  tht>tr  maltiplicaUon  to  oxoetMivu  maaar- 
lof  utd  atimnl&tion  of  tti»  growth  of  tbo  jtlauU  on  which  they  llv«.  Tb«7  aro 
now  guicriLUy,  if  nut  unirorBallf ,  irgor^Iod  na  TcgcUblo,  anil  if  thejr  arc  m, 
B*bin«t'8  th«OT7  would  b«  ewn  more  plaunble  tUau  on  hf«  owa  supiMMition. — 
Audet  a  Ltctura,  iL,  p.  2m. 

It  ta  a  fact  of  wmn  bitoroit  In  agrictiltiinO  ecooum^,  thftt  the  oMItim,  wlilch 
la  M>  dfistnurtlTa  to  tbc  grai>0,  boa  produced  no  pocanlarj  lo«a  to  tho  praprio- 
ton  of  tb«  Tfaajatds  ia  France.  *^  Th«  prioe  of  wiuc,"  nays  LaTetgna,  '*  has 
qaintnpled,  and  aa  the  protliiut  of  tlio  vUitago  haa  nui  dimisiiihed  iu  the  Huno 
proportioD,  the  omia  luui  been,  on  tho  whole,  rather  adrantageona  thiaa  detri- 
tiM:Dtnl  to  the  country." — 6amomie  Runiit  de lit  Fnitiee,  pp.  203,  3IM. 

FrAnc«  prodac«s  a  I&rg«  saiptoB  of  wines  for  exportation,  and  the  salee  to 
fomgn  oonaamon  am  tliu  principail  source  of  pruBt  to  Pt&Qoh  vincgiTiw0i& 
In  Korthcm  Italy,  on  tbc  oontrniy,  which  cxporta  little  wine,  there  has  been 
BO  snub  inorcaaa  in  iho  prico  of  wiuo  oa  to  campamnte  the  t,'rcat  diminatioa  in 
the  yl^  of  the  TlnoR,  and  Uie  loim  of  thia  harroet  U  aercrely  felt.  In  Sicily, 
bowerer,  which  «xporU  mnuh  wine,  priuen  hare  riMn  na  rapidly  aa  in  Fnuioo. 
WiltprahanBMi  (ntonna  nn  that  iu  tho  yean  I83S-H3,  the  red  wine  of  Koaut 
BtBA  aoM  ftt  the  rate  of  one  kn-user  imd  a  half,  or  one  cent  th«  boCti*,  isd 
aometimes  even  at  l>nt  two  thirds  that  price,  but  tliat  at  proaent  It  oommands 
Bv«  or  aix  tlmea  a«  mncb. 

The  grape  diaease  haa  opetuted  Bererelj  on  smaU  cnltiraton  whose  rlne- 
yaids  only  famiahod  a  anppty  for  domeatlo  use,  hat  Sicily  haa  reoeirod  a  oom- 
penaatLmi  in  the  immense  increaso  which  it  hna  occaai^uied  In  both  the  prodoot 
•ad  tlie  profits  of  the  mlpbur  minca.  Floor  ot  sulphur  ia  appli«d  to  the  Tina 
as  a  remedy  againrt  tbe  diReasv,  and  the  operation  is  repeated  from  two  to  tbrea 
or  four— end  aometfanea  CTcn  ci^ht  or  t«a — times  in  a  Kiaeon.  ncncc  tbero  ia 
a  great  demand  for  sulphur  in  all  tho  vinc-gruwin^  countriea  of  Europe,  and 
WalteTHhaOBCiD  Bstimatea  the  nnnuiU  ooaaumpUtm  of  ihat  minei&l  fur  this  sin- 
gle purpose  at  8o0,000  tfntner,  or  more  than  forty  thonaaud  toot.  Tho  price 
of  mlpbar  baa  nsen  in  about  the  same  proportion  as  that  of  wino. — WaLTESS- 
■Auna,  Ucber  dm  B^UanUchen  A^<rhau,  pp.  10,  20. 
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once  nbundaiit  on  tlie  North-AVwtem  prairies,  have  boon  so 
nearlj  extirpated  by  the  inroadaof  half-wild  vegetables  wbicb 
bsvo  CDDie  ill  the  train  of  the  Kueteni  immignuu,  tluit  there  is 
roafioii  to  fear  that,  in  a  few  yeore,  his  herbarium  will  tonfititnte 
the  only  cvideuco  of  tlieir  former  cxisteuce.* 

Thei*e  are  plant)*— thoinsGlvcs  ]X!rlmi«  somolimee  stragwlera 
fitim  thuir  i)ro|x;r  baliirat — whieh  aro  found  only  in  small  num- 
bere  Bud  iu  few  localities.  Tbeeo  are  ea^rly  eonght  by  the 
bolaniat,  and  some  sticb  species  are  believed  to  be  ou  the  very 
verge  of  extinetiou,  from  the  zeal  of  uollevtora. 

Animal  Life  a*  a  Geoloffkal  and  Geofjraphical  Agency. 

Tlie  quantitatirc  value  of  animated  life,  as  a  geol<^c&l 
agency,  Bccraa  to  be  invoreely  as  (ho  vnlnmcof  the  individnul 
organism  ;  for  nature  supplios  by  ntniil>oi-s  what  is  wanting  in 
the  bulk  of  the  animal  out  of  whoec  remains  or  etnitrturee  site 
fomw  strata  oovcring  whole  provinces,  and  bnilds  np  from  tlie 
de])ths  of  the  sea  laigc  islands,  if  not  eoutinentB.  There  arc,  it 
is  true,  near  the  monllis  of  the  great  Sibcnau  rivers  which 
Otnj»ty  tliiniiselvcs  into  tlio  l*iiiartSe«,  drift  islands  eiimp(»ted,  in 
An  iiu-redibly  large  projiortion,  of  the  bones  and  tnska  of 
elephants,  mastodons,  and  otJicr  hnge  jNidiyderms,  and  mftny 
extensive  caves  in  various  iwrtsnf  the  world  are  half  filled  with 
tlic  skeleunis  of  ipnulrupcds,  Hiinotimes  lying  loose  in  tlie  earth, 
B>_^motinics  txnnenlcd  togpther  into  Aii  o«geoii8  breceia  by  a  cnl- 
caraons  deposit  or  other  binding  nmtitrial.  Tliese  remains  of 
lai^  animals,  though  found  in  comparatively  Ute  fumiations, 
geuerally  belmig  to  oxtiuct  ^wciea^and  tJieir  niotlcru  umgeuera 
or  reppfseutatives  do  not  exist  in  snllieient  nuinljers  to  l«  of 
ecDsibIc  importance  in  geologj-  or  in  gcogniphy  by  the  mere 
mass  of  their  Bkclcton£.t     But  the  vegetable  products  found 

'  StporiefOtmmiuiawriifAtnaiUursefUu  VniUd  Statm  ttx  ISn. 

i  Conld  Um  boow  kud  other  nUos  of  Uie  dofMvtio  qiudniiwcU  dcttrojrvd  faj 
dfMHHl  or  ■lM)ght«s*d  far  biuaan  dm  in  ciTiliwd  ouootiicw  b*  ooUectcd  Into 
lus«  doiMMtU,  M  obNore  cook*  h»n  catberwl  togvtbcr  Uiom  of  extinct 
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with  tliem,  and,  in  rare  cases,  in  tho  stoniaeba  of  soino  of  thom, 
are  those  of  yet  extant  plants ;  and  besides  this  cridence,  the 
dfscorenr  of  works  of  Imman  art,  dep'i^Ltcd  in  jtixtapoeltiou 
with  foissil  bones,  and  uvideiilly  at  tlie  same  time  and  by  tlio 
same  aj^ricy  which  bnrled  these  latter — iiot  to  epeuk  of  liuiiiau 
boncfi  found  in  the  same  strata — proves  that  tlie  aiiimaU  whose 
former  existence  tliey  testify  were  coiitcraijoraueous  witii  man. 


ubwilJi,  th«y  would  hood  form  aftsp^eationn  which  miffht  a)mo«rt  b«  onllftd 
mouDtaini).  There  were  ia  the  Unibcil  Statan,  in  1870,  kh  wq  nhiiU  nee  here- 
kfMc,  atuly  one  hundred  nilUioiw  of  honeR.  black  oattle,  sheep,  and  swine. 
Thw*  ttra  great  oomlxin  of  lUl  tlie  same  anlmala  In  th«  Brltlih  Americao  ProT> 
ioOH  ud  in  Hexloo,  and  th«rc  are  lai^B  bcrds  of  wUd  hcmtnt  <m  the  ptkins, 
■ndof  tamed MnODf  the  indniHtruleat  Iiuliaa  trilim  of  \ijrtli  Amerioo.  H  would 
perlispi  not  be  rxtraTagnnt  to  oujipoao  tb(^  oil  tlioic  cnttlo  ma;  Rinotint  to 
two  thirds  u  many  u  thooo  of  th«  foiled  StatM,  and  Uiiu  we  baT«  in  North 
Awrin^  a  total  of  1<>0, 000,000  dciiuestiu  quadmpeda  beloogiiicf  to  spedea  Lntro- 
duaad  tgr  Eoropeaa  ooloniutioii,  besides  dogs,  est*,  and  other  fooffootcd 
heuwhold  pets  aad  pestit,  also  of  tonigu  origin. 

U  w«  allow  half  a  solid  foot  to  the  akeleioa  and  other  slowlj  d«ttnict4ble 
pazta  of  each  anlouLl,  the  remalnfi  of  these  herds  would  form  a  cubical  maas 
,  IBnesurJiig  not  much  ^ort  of  fuur  haiidr«l  ai>d  Glty  f  <ivt  to  the  idtle,  or  a 
nid  equal  in  dimensionn  to  thntof  Gheops.  and  as  th«  nvcrs([e  life  of  th<Me 
f  docfl  not  exocod  nix  or  scvca  7«jin,  the  aoouaolatioDs  of  their  bonce, 
horns,  boofs,  and  other  diunblu  remabig  would  amount  to  at  kiuft  fifteen  tJmes 
as  ^reat  a  rohuno  in  a  tiiugle  ccntoiy.  It  is  true  that  the  aotoat  maag  at 
Kdid  matter,  left  hj-  thv  deunjr  of  dead  domestic  quadnipeds  and  permonentlj 
added  to  th«  onist  of  the  earth,  in  not  so  great  as  this  calculation  rDalb»  it. 
The  STMteet  proportion  of  the  soft  parts  of  domestic  animals;  and  eren  of  the 
bornea,  is  sooo  dcoompoaed,  through  dtroct  oonsumptioii  by  man  and  other 
coxciTora,  iudnstrial  oso,  and  cmplajmcnt  as  nuuraze,  and  eoten  into  new 
combiaartoiia  in  which  its  auiioal  otigin  is  sooroelj  tiaaeobla  ;  there  is,  never- 
lbaleM^  a  large  annual  rcmdHum,  which,  like  deonjed  vegetable  matter,  be* 
oomea  a  pait  of  the  superficial  moul'l ;  and  in  an^r  erent,  bmto  life  imniuiiK;]^ 
flhanges  the  form  and  ehomctor  uf  the  mipeTficial  strata,  if  it  does  not  seruilbly 
aogmant  tb«  qBontity  of  the  matter  composing  tbem. 

The  remains  of  man,  too,  add  to  the  eaithjr  coating  thai  corers  the  face  of 
the  globe.  The  humaa  bodies  deposited  in  the  catooomba  doritig  the  long, 
long  ages  of  BgTpUau  history,  would  perhaps  build  as  large  o  pile  as  one 
generation  of  the  quadrupeds  of  th«  Unitod  States.  In  the  borbarooa  dajs  of 
old  Hoslem  warfare,  the  oonqucrors  elected  totgo  pjnunJds  of  human  dinUa. 
The  soil  of  cemeteries  tn  the  great  cities  of  Europe  has  sometimes  been  raided 
aoreral  feet  by  the  deposit  of  the  dead  doiiag  a  few  gcnemtions.  In  tho  East, 
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ami  possihl)*  even  extirpated  by  him.*  1  do  not  propose  to 
eiitcr  Tipon  the  thorny  question,  whether  the  existing  races  of 
man  are  gcnealngieally  connected  witli  these  ancient  types  of 
hnmanitr,  and  I  advert  to  thc»K;  facts  onlv  for  the  eake  of  the 
mggeetton,  that  man,  in  his  earliest  known  staged  of  existence, 
was  probably  a  deatmctire  power  npon  the  earth,  thongh  per- 
h&]ts  not  so  em^^tically  fts  his  proent  representatives. 

The  larger  wild  aniinaU  are  not  now  nuuicrous  enoogh  in  any 
one  r^nn  to  fonn  extensive  depoeita  by  tlii-ir  remains ;  but 
they  bare,  nevertbclcas,  a  certain  geograiJiical  im[)ortance.  If 
the  m3rriads  of  lai^ge  browsing  and  grazing  qnadmpcds  which 
wander  over  tiie  plains  of  S*>uthem  Africa — and  the  slaughter 
of  wliidi  by  thonsonds  is  the  source  of  a  ferocious  pleasure  and 

Itota— dOlifii<l»— ■Ukabmybodi— bBt>coapl<cf  fewtbtiMttilligwtM*. 
Tbcgtav*  k  n^i»o(»a  M  lang  h  tlw  tonbtCont  raaaabia,  bat  th«  M|mltiiz«* 
of  Uw  igaaHim  poor,  mad  cf  thoM  wbon  wiomiiiwnU  tbam  or  wwHwt  hm  to- 
moftMt.  iM  op«a«d  aoin  and  ■gala  to  z«c*h«  tnrti  oocnputL  Hmm  ifa* 
Btoand  hi  Orianlal  aanetetiM  u  pttrrailed  viih  ntics  of  baincaU?.  tf  bol 
whoOjroompOMdoftbon;  ukI  ao  examhutioo  of  the  aoil  o(  tb«  lower  port  of 
Ite  Atft  Chmmf  d««  JTorfa,  U  Pen,  bj  the  toAxA  eyf  olone,  ibowB  the  ot». 
MfTtr  tlMt  ft  cowtfifti  ftlnoM  oxclndrtly  of  Um  comntBaUd  traao*  of  hk  M- 


*  Tbo  bODM  of  iBtmmolhi  aal  ■utoflnur,  ta  wmtj  Inrtaiw— ,  ippwr  to 
han  bem  pBMd  or  Bot  far  fbtftmsw-hMda  oroilMr  otano  wMpooi,  and  tha 
bOBM  of  ozifiaalt  now  vxtjael  aro  ofton  wioog^t  tnto  ann«  aftd  nttwfli,  or 
l^Bl  lo  asUBot  tiu)  tnarrov.  These  aocoonta  hOTo  oftf^n  brca  diaoradikol,  b»- 
CMM  to  haa  baan  ■■■laiiil  that  tha  extlnctka  of  thaaa  auriaala  wm  mot* 
anolaaft  ttHB  tha  cdalanaa  ef  loaa.  Bceent  diaoovailaa  tandar  H  ecttefn  that 
aiiCoadiMtooh— boaatoohaatilyadopiad- 

On  f^»  14S  of  Um  Ajilifmitf  ff  Mam^  LjaQ  renuuka  that  awa  "  bo  OoaU 
pli^ad  Ui  part  In  ha»tatitng  tha  cia  of  tba  axdnotloa  "  of  th«  Hrg^  |MiIiji1iim 
and  baoaU  of  pcv;  ;  bofc,  la  coabeapocaacoos  ^fodaa  of  other  aniwala.  wUch 
man  cannot  be  mppowd  to  haro  eztlipated,  fanm  abo  beoome  eztiDct,  ha 
aivaaa  tba*  Ihe  diaappwarance  «<  the  qaadrapedt  in  gaartioa  Baaaal  ha 
•BBrftad  ta  kamaa  aetfMi  yana 

Oa  Ait  poialift  Mi^rba^aervad  ihal^M  wo  canaa  k 

liB,  va  aaaaol  ay  haw  ba  aneh  aoadilloaB  mar  l^aTt  heaa  TaodlftffJ  hjr  tka 
aattott  of  nan,  aad  booMy  Ihiirfiaa  hava  iaflaaneed  tha  WtatauA' 
laaa  ta  waji.  aod  to  an  ezt^A.  of  which  w«  can  fonu  do  ja 
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a  lirntal  triamph  to  profeaeedlj  civilized  hnnters — if  the  herds  of 
the  American  biaon,  which  are  nmuhei-ed  byhundre<l3  of  thou- 
BKiids,  do  not  produce  visible  changes  in  the  fomia  of  terrcstiial 
atrfafXf  the}'  have  at  le&^t  an  iinincnsc  influence  on  the  growth 
and  distribution  of  veigoiahlG  life,  and,  of  course,  indirectly 
upon  all  the  ph^ical  conditioiiB  of  soil  and  climate  between 
which  and  -vegetation  a  mutual  iutcrdc|}cndencc  exists. 

In  the  prL-cediiig  diaptcr  I  referred  to  tlie  agency  of  the 
beaver  in  the  formation  of  bogs  as  producing  sensible  geograph- 
ical effects. 

I  am  disposed  to  think  that  more  hogs  in  the  Northern  States 
owe  their  origin  (o  beavers  than  to  accidental  obstru<;tion8  of 
rivulets  by  wind-fallen  or  naturnlly  decayed  trees ;  for  there 
are  few  6wanii)s  in  those  Statee,  at  the  outlets  of  which  we  may 
not,  by  careful  searcli,  find  the  remains  of  a  beaver  dam.  The 
beaver  sometimes  inhabits  natural  lakelets  and  even  larrrc  rivers 
like  the  L'^vper  Mississippi,  when  tlio  current  is  not  too  rapid,  but 
he  prefers  to  owe  his  pond  to  his  otni  ingenuity  and  loii.  The 
reaervuir  once  constructed,  its  inhabitants  rapidly  multiply  so 
long  aa  the  trees,  and  the  harrests  of  ^>ond  liHes  and  other 
aquatic  plants  on  which  this  quadruped  feeds  in  winter,  suffice 
for  the  supply  of  the  growing  popnlation.  But  the  extension 
of  the  water  causes  the  death  of  the  ucighlHjring  trees,  and  the 
annnal  growtli  of  those  which  could  be  reached  by  canals  and 
floated  to  the  pond  soc^n  becomes  insufficient  for  the  wants  of 
the  community,  and  the  l>cavcr  nietroiMfUs  now  sends  out  expc- 
ditions  of  discovery  and  colonization.  The  pond  gradually  fills 
np,  by  the  operation  of  tlio  same  eaufies  as  when  il  owes  its  exist- 
ence to  an  accidental  obstruction,  and  when,  at  last,  the  original 
settlement  is  converted  into  a  bog  by  the  nsual  processes  of 
TOgctablc  life,  the  remaining  iuliabitants  abandon  it  and  bnild 
cm  BOtno  virgin  bi-ooklct  a  new  city  of  tlie  waters.* 


*  1  find  oonftTin&tion  of  mj  own  Dbxciratioiu  on  tliu  point  (puUialied  in 

TbaM  ttmraHuB  obBUriHt  "  a  toiig  diun  of  msinhea  forni«d  by  the  ttammipg 
«p  aC  a  ibeam  trUeh  bud  now  ceased  to  exist, "  Cbap.  Z.    In  Chajii.  XH. 
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l^jixunce  of  Animal  Life  on   Vegetation. 

The  influence  of  wild  fiuadrujiedB  njton  vegetable  life  lias 
been  little  studied,  and  not  nianj-  factA  iMjaring  upon  it  have 
been  recorded,  but,  so  far  as  it  is  knoim,  it  appears  to  be  con- 

Uiej  state  tlut  "  newly  vrevj  itreaia  betwMH  the  Pembiiu  Bod  th«  AUiabaaoa 
— exeept  the  large  river  HcLead — appeared  to  have  been  destroyed  by  the 
agCDOv  of  the  bearer,"  a&d  th«j  queotion  whether  the  vast  extent  ot  twuapj 
gnnmd  in  that  rv^on  "  fana  oat  be«o  brought  to  thu  condition  hj  the  work 
of  beaveiB  vbo  hare  thus  devtrojed,  by  their  own  labor,  the  rtreanu  neoet- 
vary  to  their  own  eiiateaoa." 

But  even  here  natoie  piovidea  a  mnedy,  for  when  the  prooees  ol  "  eooaoU- 
dation*'  referred  to  in  tieatini;  of  bogs  in  the  fint  chapter  ahall  ban  been 
oompleted.  and  the  forest  re-evtabltahed  ujton  the  loaialies,  the  water  now  dif- 
fnaod  thnm^  them  vill  be  collected  in  the  lower  or  more  yielding  portlotn, 
cnt  n«w  channels  for  theit  flow,  become  running  broc^  and  t^oa  restore  the 
andent  mrpect  of  the  snifaoe. 

The  aotbora  add  the  cnriooa  obwrYation  that  the  beareia  of  the  present 
daj  aeom  to  be  a  def[enera,le  raoe,  a«  they  neither  foil  lai|;e  tmea  nor  con- 
atmot  grtmt  dama,  whDe  theb  progenilors  cnt  down  trees  two  feet  in  diam- 
ettr  and  dammed  ap  riven  a  bondr^  feet  in  width.  The  change  in  thebabita 
of  Um  IwaTW  la  pn>tet>ly  duo  to  tho  diminution  of  their  numbers  since  the 
iattoduetioD  of  (Iro-arma,  and  to  tbs  fact  that  thnlr  hydraulJo  operatloiu  are 
more  frequenlljr  interrupted  by  the  eooroacfammtx  vl  mui. 

In  the  valley  of  the  YsDowstone.  which  has  bnt  lately  been  mnch  riaitfd  by 
tho  white  man,  Haydeo  law  atomim  of  tree*  thirty  Enchoe  in  diamot«r  which 
had  bc<ra  ont  down  by  beavcra.— <7Mliy<9al  .9wr»y  ef  Wgaming,  p.  1^1. 

The  American  bearer  doeely  rwaarotJea  hk  European  cooseDer.  and  I  beUere 
nKM*  aattumUata  now  regard  then  an  idenUoaL  A  dlfferenoe  of  apeciaa  bad 
been  Inferred  from  a  dilFeicnce  In  theti  modes  of  life,  the  Eoropoui  animal 
betng  solitary  and  nbt  a  builder,  the  Amerioan  gxcgariona  and  ocnutnotiv*. 
Bot  late  cazefol  reaearchea  fn  Germany  have  shown  tho  former  exiitenoe  of 
ooaeroua  Inaver  dama  In  that  eoontry,  thoo^  the  animal,  having  beooma  too 
rare  to  form  ooloniaB,  hu  of  oonrse  ooased  to  attempt  works  which  reqnlre 
the  oo-opention of  uumeroua  indiridnak. — SCBUtlOES,  FOrBaum  und  WaU^ 
Lcipdir,  1870.  p.  88. 

On  the  qncctioB  of  identity  and  on  all  otbeni  relating  to  this  ialerartfaff 
animal,  b«o  L.  TL  Moboam's  Important  monognpli,  T^  AmtHtait  Avwr  mUl 
Mt  Work),  PhiladeliAia,  18S8.  Amang  tlie  many  new  fiMto  obetrred  by  thb 
In»eaUgator  ii  the  oonatmotioa  of  canals  by  the  beaTsr  to  Ooat  tnraka  Hid 
brcBchea  ef  traea  to  bia  pondi.  Tbeae  esnala  am  aooettmai  600  or  TOO  faak 
Itnip.  with  a  width  of  two  or  tliree  feet  and  a  depth  of  one  to  one  ami  a  half. 
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WTTative  rather  tliajt  pernicious.  Few  wild  animals  depcnJ  for 
tlioir  Bubsisteiice  on  vegetable  producta  obtainable  only  by  the 
defetruction  of  tlie  plant,  and  they  eooiii  to  coufiiie  tlieir  cou- 
suiiipUun  ainuiet  exclusively  t<.i  tlie  annual  liarveHt  of  leaf  or 
twig,  or  at  leaet  of  parts  of  tlie  vegetable  easily  repi"odufod. 
If  there  are  exceptiuiis  to  this  rule,  they  are  in  casen  where  the 
nunibere  of  tlie  animal  arti  bu  proportioned  to  the  abundance  of 
the  vegetable  that  there  is  no  daugci*  of  the  exienuinatiou  of 
the  plant  frt»in  the  voracity  of  the  qiiadniped,  or  of  the  extinc- 
tion of  the  quadrnped  from  the  (ii:aix-ity  of  the  plant.*  In  diet 
and  natural  wants  tlie  bisou  rosenibloa  tiio  o:c,  the  ibex  and  the 
cbamoia  a&stmilate  thcinselveB  to  the  goat  and  the  sheep;  but 
while  the  wild  animal  dooe  not  appear  to  bo  a  dcdtruetive 
agency  is  the  gai*den  of  nature,  his  domestic  congeners  are 


*  BDropean  foresten  speak  of  the  action  of  the  Rqaitml  m  {njahoDH  to  trceft. 
DeuMlbM  tttU  is  >oii)«tin)«a  tme  in  Lbe  cae«  of  artlfiulal  forcBta,  but  in  wood« 
of  •poniuieoiui  gTovtli.  oiOered  and  governed  tiy  natTire,  tbe  iiquiml  doon  nofc 
tUndc  trees,  or  at  least  tb«  injucy  lie  uay  do  in  too  trilling  to  be  ])erce|>Ul)le, 
bat  he  i«  n  formidable  enemy  to  the  plantation.  "The  ■quirreln  bito  tha 
euuee  of  Uia  piae  and  ooiisuuic  the  wed  wliioh  mig^ht  mirxv  to  rvotuuk  the 
irood ;  thff  do  still  mora  miachiaf  hj  |:na^v{n^  off,  iimr  the  leading  ahoofe,  ■ 
•trif)  of  bwk.  aud  thus  oft«u  oomplotcljr  tT^^llh^  tho  treu.  Trees  so  iajiirod 
mnsC  be  felled,  a«  they  vrould  neTar  aoqairo  a  rij^>roua  (cnnrth.  Tbe  aqabTel 
[■  e^Mciallj  destniottTe  to  the  pi&e  in  Solotfoe,  where  he  gnaws  lbe  bark  of 
bees  twenljr  or  tweafy-flve  years  old."  Uut  erea  hore,  natare  eoroetimea 
provides  a  ooopessatioa.  hj  maklDg  tbe  appetite  of  this  qaadruped  serve  to 
pre  wot  an  oxooosjve  production  of  i!ve<l  eaucti,  which  tends  to  obelruci  the 
4a*  growth  of  the  leading  shoot  '*  In  some  of  the  plneiies  of  Urittan? 
wUch  prodooe  conoa  so  BbanilanUy  as  to  Btnui)flu  the  dovolopment  of  the 
1«*diac  shoot  of  the  maritime  pine,  it  hoa  benn  obacrvcd  that  tbe  pines  are 
nest  Ttgorouji  where  the  sqainets  are  most  nomerous.  a  result  attribnted  to 
the  represalon  of  the  oooea  br  this  rodent. "-^BaiTBt^  Jfiwm  ooleur  (Im  TVrrw 
p^vtret,  p.  AO. 

Very  interefulnit  ofanerralions,  on  the  Sfrency  of  the  aqnlrvcl  and  other  small 
animal*  to  planting  and  in  destrajlsg  niitn  and  other  seeils  of  trew.  maj  bo 
foood  In  a  puper  on  the  Soooesadon  of  Forests  in  Thorean's  Biainimu,  pp. 
183  rt  wj^. 

1  oooa  Binr  samal  quortB  of  bocch-nnt«  taken  from  tbe  wintrr  qnart«ni  of  a 
fiunlly  of  flTinr  aqnirrcls  in  a  hollow  tree.  The  Icenets  were  neatly  stripped 
of  their  nfaella  and  carofDlljr  stored  in  a  dry  eavttf. 


8C  OBZGUf    AXD   TKAinm  OF   D  XEfiTIC  gCADBCmiGL 

eminGntly  ».*  This  a  putlv  fn>tu  Uie  chaiijre  u£  habits  re- 
Milting  fnmi  €l<>iiies=tit:atiun  aiid  liseociatiuii  wiili  man,  ^mrtlv 
from  the  fact  that  tlie  iimnber  of  reckiniet]  aiiituals  is  not  de- 
temuDed  bj  the  natural  relatiou  of  deniaud  and  qxuitaneoiift 
Eujtplr  whii-h  rvfrulatea  the  multipliiration  uf  wild  creattuca, 
but  b^'  the  ouureuience  uf  tanu,  who  i»,  iu  compuiUiveljr  few 
things,  amenable  to  the  ooutnil  of  the  nierelv  {jhTBical  anrnnge- 
mentii  of  nature.  When  the  domci>c:cated  animal  escapes  tnm 
haiaan  jurifidiction,  as  in  the  ease  of  the  ox^  tlie  horse,  the  goa;^ 
and  peHiaps  the  asa — which,  so  tmr  as  I  know,  are  the  uil,v 
T«U-aDthonticated  iii^tanceg  of  the  complete  enuDOpatkni  of 
bonadiold  qnadruj»eilfi — lie  beocmes  a^n  an  anrausdog  sub- 
ject of  nature,  and  all  his  economy  is  govetned  by  the  Fame 
laws  as  that  of  his  feIlov«  which  have  ucver  Iwcn  enslaved  by 
man  ;  but,  so  long  a»  be  obeys  a  human  lard,  he  is  an  auxiliary 
in  the  warfare  tm  master  is  ever  waging  against  all  cxistemxfl 
except  those  which  he  can  tame  to  a  wiUiug  sen-itude. 

Origin  amd  Tranter  of  Domtatie  Quadrupedt. 

Cirttizatioa  is  bo  ititiniately  aisociated  with  certain  inferiof 
forms  nf  animal  life,  if  not  dependent  on  them,  that  ealtivated 

*  ErelfB  Untight  Uie  dtfrtmhip  of  fnM  (y  tattle  asrrioeafalB  to  Ita 
gnmlh.  "Tbebiti&ff  of  cttdQ,"  h«  lemwks.  "giT«sttf«ntl«  kKweaisf  totha 
taotM  of  the  berfaafe,  and  nuOuH  it  to  grow  fiiw  and  sv»et,  «od  their  toy 
hnalli  aad  tnadfar  *■  *^  *■  *^  "^  *^*  oomfoit  o(  th«ir  wwni  bodiea,  ii 
whofanaw  aad  tnamllcaulx  <A«iMUtic."— 7>rr»,  or  PAHotpplUeat  Duoattnt 
of  Earth,  p.  36. 

la  •  noU  npoD  thw  rcuMgg,  Hunter  obaerm :  "  "S'taa  tarmcri  on— till t  tk« 
lying  of  a  beut  »|>on  tb«  gnMund,  (or  oo«  night  otAy,  as  a  mOriRnt  tilth  fos 
Iha  /HLT.  The  bnatfa  of  (rmtaiiiiToraBa  qoadinpada  doaa  ccrtaial;  aancb  Uw 
tooU  of  gru*  ;  a  dzcoBMtaiica  worthjr  of  the  attentloa  of  tlu  phO«aophfakl 
tannar." — TWro,  nma  page. 

TIm  *' pbPoiKipbfaal^npCT"  of  thffpreaentd*/ will  ttot adopt UiaaaopfidoDS 
wHtural  aomo  qaalifieatian,  and  tbej  oeitaiDly  ar«  not  anitainad  bjr  Atnarioaa 
ohMffrmtko. 

ThtBtpoHifa*  Depitrtrntnt  tfAffriouOantorWmih  and  April,  1873,  Mataa 
tlut  the  nativa  giiwn  an  diMppeaiing  fnom  the  piairiea  of  Tezaa,  eqiaalaQf 
oa  tba  *-**—-* — *-.  dapMtiidac  17  oattJa  balag  daitractira  to  thaoL 
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mait  liasiiever  failbd  to  acoompauv  Itliiiself,  in  all  his  lui^-atlous, 
wiUi  suuie  of  tlieAe  humble  ait«udatiu.  The  ox,  the  hoi'se,  cite 
ahfc-qi.  :iiid  oveu  Uie  coinpiu-HtivcIy  u^ulcdia  ilo^  und  cut,  as  wtU  as 
sbvi.-r:il  SiMjclwj  uf  poultry,  urv  vuluiitarily  tmubfurred  by  every 
etiiij^i-ant  eolouy,  and  thc^'  soon  multiply  to  iiiuul*ei'6  far  exceed- 
ing thoeeof  the  wild  genera  nioAt  nearly  i-un-es|j«'iiiliug  to  them.* 
Of  Uie  origin  of  oar  domestic  auliuals,  we  kuow  liistorically 
notliiiig,  because  their  domestication  belongs  to  the  ages  whicli 
preciNK-d  wrlUeii  niinak;  but  tliuiigii  they  ciiniiut  all  bo  t^])uuifi- 
cally  ideutitied  with  luiw  extant  wild  animuU,  it  '\a  piTrsuinablo 
that  tliey  hare  been  reclaimed  from  an  originally  wild  state. 
Aucient  writers  have  presened  to  us  fewer  data  j-especLiug  the 
introduction  of  dnme->*tic  aniiauls  into  now  eouutncs  tliau  re- 
S|iocting  the  tnin)i}>1antatiou  of  doincetie  vegetables.  Hitter,  ui 
hi«  learned  ef^ay  on  the  camel,  ha»  i^linwu  that  this  animal  was 
Hut  euipli>yed  by  tlie  Egyptians  until  a  ciJinjiaratively  late 
period  in  their  history ;  f  that  ho  waa  uokiiowii  to  tlie  Cartha- 

*  Tlie  nt  »Bd  the  mouae,  though  not  raltintarily  transported,  are  jumeti^n 
I7  vt*iy  ahlp  tb*t  aaib  for  a  f<w6i0n  port,  and  MrenJ  •peci«a  of  tb«M  quad- 
nipetlB  bars,  ootueqaaDtl/,  raooh  extondsd  iheir  raug«  aiid  luorvnood  thall 
BtuaiMcn  in  modem  timen.  From  a  Ktory  of  Ildliogatialua  related  bj  hkx- 
laUDttm,  //wt  Aug.  tvriptart»,  td.  CaMiuboti,  IfiBO,  {>,  1 10,  IC  mould  ito«D)  that 
nice  at  least  were  not  very  common  En  ancient  Il^nie.  Amonir  the  c«pilcioiil 
fnaks  of  that  emperor,  it  ia  said  thnt  he  iind«ctook  bo  InreKtlfcate  the  atalijitici 
of  the  aiwdiooid  pupalnt^on  of  the  capital,  and  that  ID.OOO  poonda  of  vplden 
(or  gpiden'  w«ba~for  aranta  u  eqalvocii)  woia  rcadU/  aolIeotc<i;  bat  wheo 
ke  gni  np  a  moiuMi-abow,  ha  thought  t«n  ihouaaad  mioo  a  very  fair  aamber. 
BaU  aro  not  1cm  uatncioos  in  all  srcat  ratiea ;  and  in  Paris,  where  their  aldtu 
an  naed  furgloroa,  and  their  ll<»h,  it  ia  whuiperad,  iu  Mme  veiy  complex  and 
«qalTooal  dishea.  tliey  are  caught  by  legiooH.  1  Iultc  re«d  of  a  nuumfaioturer 
who  oootraat«d  to  hvj  of  the  rat-«Moh«n>,  at  n  high  price,  all  the  nt-aldiia 
they  ooold  fomiah  before  a  oerulD  data,  and  taL)<>0.  within  a  woek,  for  want 
of  eapital,  when  the  atook  of  pelti?  had  mn  up  to  1)00.000. 

Ciri1izjU.ion  hoe  not  oooteated  itaelf  with  the  introdactlon  of  donMatio 
aniutola  aloue.  llie  Wng'***'  EportaniAn  Importa  foaea  frum  the  oontinrat,  and 
Orimalkio-iike  ioma  them  looee  in  order  that  be  majr  have  the  pl«uare  of 
obaaing  thtm  aftarwaido. 

f  Thu  home  and  the  um  were  eqnalty  nnknown  to  ancdenl  E^^ypt,  aad  do  not 
Bppeu-  ia  the  aeolptnree  before  the  XV.  and  XVL  djmaoties.  But  eteD  then. 
the  horse  waa  only  known  aa  a  diaaght  uainul,  and  the  ool;  repceMatatiou  of 
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jriniaiu  until  after  the  downfall  of  their  commonwealth ;  and 
tliat  hU  Grbt  appearance  in  Western  Africa  is  more  recent  still. 
The  Bactriaii  camel  was  certainly  hruiight  from  Asia  Minor  to 
the  Xorthem  shoreB  of  tJie  Itlack  Sea,  by  tlie  G(ith«,in  the  third 
or  foorth  ccntnrr,  and  tho  buffalo  first  appeared  in  Italy  abont 
A.n.  6'.K),  though  it  is  unknown  whence  or  by  whom  he  waa 
introduced.*  The  Arabian  eifigle-buinped  camel,  or  dromedary, 
has  bc«u  carritvl  to  the  Canary  TftlanilR,  partially  introduced 
into  An^tralia,  Greiwe,  Spiiin,  and  even  Tnscany,  exi^erimented 
npon  to  little  puqw^e  in  Vene:«iela,  and  finally  imported  by 
the  American  Gorertiment  into  Texas  and  New  Mexico,  where 
it  finds  the  climate  and  tho  ve-^table  ])rodiict^  be4t  suitMl  Ui  its 
wants,  and  promises  to  bccim:c  a  very  usofnl  agent  in  tlie  pro 
motion  of  the  B]iccia1  cixHizatiun  for  whicli  tlioeo  regions  are 
adapted. 

Quadmpcds,  both  domestic  and  wild,  bear  tlie  prirationa 
and  discoinforhi  of  long  voxaga  better  than  would  be  sap- 
poecd.  The  elephant,  the  giraffe,  the  rhinoceros,  and  even  the 
hip]Kf|>otainiiH,  do  not  tHx:in  to  buSvr  mudi  at  wa.  Sotue  uf  the 
eatpolH  im^Kjrtcd  by  the  U.  B.  giivemnient  inUi  Texaa  fntrn  tlie 
(Mmoa  and  Nordieni  Afri<.-n  were  a  whole  year  on  Fhiphoard. 
On  the  other  hand,  Geoi^  Sand,  in  l/n  ffteer  au  Jfult\  gives 
an  aniusiuj^  description  of  the  eca-eickne&s  nf  gwiue  in  the  short 
fitmuge  from  tlic  Balcarcs  to  BorceloiuL 

America  had  no  doiucntic  cjnadrupod  bnt  a  species  of  dog,  the 
lama  trilie,  and,  lo  a  certain  extent^  tlie  biwn  or  bnfMaf     Of 

«  bonemui  jt%  fonnl  tn  tb«  GgjrpCiHi  tomb* li  od  ttt*  bbda  of  ■  tnttto  wss 
at  nuocrtain  oiigm  vul  pariod. 

*  fihOwMik  vUL,  AdfM^  \iU  .IMA«flun^,  pp.  SSO,  738.  H«n(,  KvitatpfiaaMM, 
p.  MS. 

\  fleeCfa^itcr  III.,  ^urf.-  »1m>  ninnR>i.i>T.  AnMieUtn  dir  Ifatmr.  L,  p.  71. 
Vmn  Ibo  ■nalnnical  character  off  lb*  booM  of  th«  nmt,  or  aucvoobs,  fosad 
amocf  tb«  rdioi  of  tb«  Wnitiias  pofiBhUoii  of  «nd«nt  ftwltaeilui4.  aul 
Cnna  otbn  draoButWMMa,  H  is  infvmd  thst  thia  aalmal  h«S  b«m  dotMKtt- 
Micd  hf  llial  pMifik ;  and  H  Is  Mated,  I  knuw  hoc  npon  iriM*  miitboHtj»  ta 
J>  Atpt<K*  eOu/^Q  r Tilth,  tbsl  il  had  imn  tAtned  by  tit*  Vea«ti  ab&  Sm 
Ltku.,  Anttgtattr  of  Man,  \<ip.  24.  SS,  and  Um  Irnt-MHiail  work,  p.  4:91  lldt 
Il  a  UkA  of  mtwfa  uitarMl,  baoanav  U  h  ooe  of  tb*  Twy  lev  ktntMiedOg  knowii 
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OOnree,  it  awes  tlie  Loi-sej  the  nss,  the  ox,  tlio  sheep,  the  gcat, 
mnd  the  Bwinc,  as  does  al*a  Auetralia,  to  Eumpean  ixilnni/atioii. 
Modern  Europe  hai>,  thus  far,  not  accomplii^hcd  much  in  the 
waj  of  inipurtatiun  uf  new  auiiuali*,  tliongh  soino  intercsthig 
eeean  have  been  made.  The  reindeer  Vfss  successfully  Jtitro- 
diH'ud  into  Iceland  ahoiit  a  ueiitun-  ago,  while  Bluiilar  atJempts 
faik'tl,  about  the  sanie  time,  in  t^cothmd.  llie  Cashnicre  or 
Thibet  goat  was  bi-oughc  to  France  a  generation  since,  and 
&iii-(-ceds  well.  The  same  or  mi  allied  species  and  the  Asiatic 
htiffuKi  were  rariiud  lo  Sttiith  Omiliua  uhout  the  year  IS50, 
and  the  former,  at  least,  Is  thought  likely  to  prove  of  perma- 
nent value  in  tlie  United  States.*  The  yik,  or  Tartary  ox, 
eeeuis  to  thrive  in  France,  and  it  is  hoped  tliat  succefis  will 
attend  the  present  efforts  to  intruduuo  the  South  AmcricaD 
alp»ca  into  Europe-f 

InWanrtw  of  the  exUncdoo  of  n  domestic  qtudnipAd,  »ad  th«  «xtmne  im- 
pcoUtbUitjr  of  mdi  an  evcut  giv««  aorao  couutcaauca  to  tbti  lh<Mi>-  ot  Ui6 
litcntitj  of  the  donBRtlo  ax  irith,  aad  its  dftflcont  from,  tbs  uttut. 

*  The  gist  iutroduoed  into  Houtb  C&roLinu  wiw  brouf^ht  from  the  district  of 
Aogoi*,  In  Amu  Minor,  which  ham  long  been  cclebrntcd  for  flocks  of  tbu  nUa- 
tiiift  uaimtd.  It  Im  c&loulaU-d  that  more  tbrui  a  milliuQ  of  thoeu  guuu  are 
taiaed  In  that  dUtrict,  an<l  It  U  coinmnnl}rh«;1i«ve(l  thut  tlie  An^nt  pMtt  and  >tt 
wool  tkig«nerate  wh«u  tratupwtod.  rrubntjl;  Uiis  ia  oal;  aa  invration  nf 
the  ahepbcrda  to  prevent  rivalii  from  atumplinft  to  Interfere  wHth  *o  profttablo 
a  tnoaopoljr.  But  If  the  popalar  (jrejuUioe  ima  auj  [oundnticm,  the  <I(^q»' 
tmej  ia  doulitlean  to  be  attributed  to  j^oranoe  of  the  niitsalal  trootment  whicli 
kof  «zperiaDoe  baa  taught  Um  Angora  abe|>betd«,  and  Mi«  ooiiJM:qa«at  auglixjt 
<rf  tatb  preoantiniu  aa  aiB  ncupinry  to  tiie  [irniwr  oani  of  the  cuiimal. 
ThiouchoBt  nentljr  ihe  whole  tenitor?  of  the  United  States  the  nicceiw  ot  tba 
Amgank  goat  u  perfect,  oad  it  wonld  aodoobtpdly  thnvn  eqtialty  well  in  Itnljr, 
thoagb  ft  ia  v«rr  dnnl>tfiil  whether  in  cither  eoontrjr  the  value  of  It*  B*eo« 
iruald  oDm)>ctiaate  tba  damues  it  would  do  to  the  wooda. 

t  Tberrprodnctive  powers  of  anuaala,aawiil  iwof  plauta,  aecm  to  be  aome- 
tlmoa  atimalatni  in  ao  aztnordiiuuy  wojr  Ij  tronafvr  to  a  fore%n  clime.  The 
ootnmoa  warren  rabbit  introdnoed  by  the  carty  oolonista  into  the  laland  of 
Madeira  ntUtipliixl  to  nudj  a  dtsgreu  aa  to  throat«i]  the  uxtiipataoo  of  TVigeta- 
tion,  and  in  AnMndia  the  ume  qoadnipcd  haa  beoome  ao  natnerona  aa  to  b« 
a  verj'  aerloiia  vtiI.  The  volonuibi  are  obliged  to  emplo;  profeeaioDal  lalibit- 
bont^ra,  and  one  planter  luui  i-nclowd  hia  grounda  b/  four  tnUea  of  aoUd  wall, 
M  ao  espenw  of  fl^.OOfl,  to  ftroteot  bis  cropti  sgaiait  tbeee  r»rag«n.  —&mi* 
dai  Smim  et  PorH;  IHTU,  p.  38. 
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According  to  tlie  censuB  of  the  Uuited  States  fur  ISTO/  the 
total  Qttiiibcr  of  horecft  in  all  tho  Stutca  of  tho  j\jiicricaa  Union, 
wa8,iiiromulniitMUer8,7,100,0tJ0;  uf  ussesand  mules,  1,100,000; 
of  the  ox  tribe,  26,000,000;  of  sheep,  28,000,000;  and  of 
Bwiiie,  25,000,000.  The  only  indi^eitons  Xorth  Aiuerlcaa 
quadmpcd  snfiiciectlj  gregarious  in  liabitfi,  and  fiufiicicntlj 
multiplied  in  numbcra,  to  funn  really  large  herds,  Is  the  bigou, 
or,  as  he  is  eoiuniunly  called  in  America,  tlie  buffalo;  and 
this  animal  is  confined  to  the  prairie  region  of  the  MIssiBsippi 
basin,  a  small  part  of  British  America,  and  Northern  Mexico. 
The  ciigincere  aout  out  to  eur%'ey  milroad  routes  to  the  Faeifio 
estimated  the  number  of  a  single  herd  uf  blsuns  seen  witliia 
the  last  fifteen  years  on  the  great  plains  near  the  Upper  Mis- 
Bonri,  at  not  less  tluin  200,000,  and  yet  the  range  occupied  by 
thii  aulinal  'u  now  very  much  smaLlcr  in  area  tliau  it  was  when 
the  whites  first  established  theuisclvoii  on  the  prairie&f  But  it 
innst  be  remarked  tliat  the  Amerlrau  buffalo  is  a  mignit^ry 
animal,  and  that,  at  the  season  vi  his  annual  journeys,  the  whole 
Btock  of  a  vast  extent  of  poAturc-ground  is  collected  into  a  singlo 
army,  which  is  seen  at  or  very  near  any  one  ^wint  only  for  a 
few  days  dniing  die  entire  season.     Ilencc  there  is  risk  of  great 

*  to  th«  eaitmcnitios  of  farm  itook,  "mcldnif  piffs,  spring  IiubIm,  uid 
ctlm,"  an  omittvd.  J  bclioreth^  an  inoluiled  in  the  numbcn  reported  bjr  the 
ccnviM  of  1H0O.  Honei  vtA  honieJ  cattle  in  towos  uti  cttiea  wen  oidndM 
ftvm  botb  rannitratiaiiB,  tb«  law  iirovidinK  for  ratana  on  tbwe  poiiiU  fnm 
mra]  <lUlricU  otJy.  On  tJic  whulc,  thcr«  b  a  diminntian  in  Uw  aambar  of  aU 
tina  «tuck,  sxcupt  ahcep,  siaoo  IBOO.  Thia  Ib  asoxibcd  by  (ha  Bcpoit  to  tliO 
deairaotioa  of  iomttUe  qaadrapeda  during  tlio  civil  war,  Irat  thia  hardly  ex- 
pUn*  tha  rvdoctioB  in  tha  numlNr  of  awiiiv  from  aO.UOO.OOO  in  1300  to 

30,000,000  In  itrm 

f  "  Abcmt  6ro  mflea  from  camp  w«  aac«iul«i1  to  tb«  top  of  a  high  hfll.  an4 
fW  a  gnmt  diatanoe  ahead  arny  aqnara  mile  soomed  to  b&vQ  a  hvnl  of  batTalo 
Ufaa  It.  Thrir  Domtwr  was  varioaaly  «aUmat«d  by  the  membcn  of  th«  potty ; 
by  «om4  M  hi^  aa  haU  a  inQUon,  I  do  not  think  it  any  exaggeration  to  a«t 
it  dmrn  at  200,000.**— Stevkm'b  XnmtUtf  and  yiual  Itepiirt.  ReitarU  nf  K»- 
jAorctiatu  and  Svrwjffor  Railroad  to  Pueijte.  nL  liL,  book  i.,  1880. 

Tha  next  day  the  |iarty  f«U  in  with  a  "  buffalo  trail,"  when  at  leaat  100,000 
wen  tboagUt  t^i  have  cnMa«d  *  doovK 

Aa  1»U>  na  I M8,  fiberidan'a  party  eatinatod  Um  munberot  blaona  eeeahy  ibMB 
!■  a  rinnie  di>y  at  300.000.— SfterAlnnV  Tnopm  en  tiu  Bordgr,  19B8,  p.  41. 
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error  in  egtlmattng  tlic  numbers  of  tito  bison  in  a  given  diBtrict 
from  the  ma^itudc  of  the  hcrdft  seen  iit  or  abont  tbo  same 
time  at  u  singlt;  (jlaca  of  observation  ;  and,  upon  the  whole,  it 
i&  ucither  pi-ovod  nor  pi'obable  that  the  bison  was  ever,  at  any 
[.one  tiiue,  as  nnmcrous  in  Nurlh  Ainei'iuaiis  the  doinestic  bovine 
Bpcrtcs  ii  at  present.  The  elk,  tlie  mo(«e,  tho  ninsk  ox,  the 
coriljou,  and  the  firnaller  quadrupeds  [K)pular]j  embraced  under 
tlie  gcuend  name  of  deer,  though  aufiicient  for  tho  wanta  of  a 
fipanso  savage  population,  were  never  numerically  very  abun- 
dant, and  the  caniivora  w!iieh  fei.1  njx>ii  tlicin  were  still  Ic^  bo. 
It  ill  almost  needles  Ui  add  tliat  tbo  liiiuky  Monntain  &hcep  and 
guat  must  always  have  been  very  rare. 

Siiuuning  up  tlic  whole,  then,  it  is  evident  that  the  wild 
quadrupeds  of  North  Anieriea,  even  when  rao&t  nuniemiitt,  were 
few  ciimiMirod  with  their  dumosticBuci.teeaorB,  that  lltey  required 
a  miM^h  lofis  supply  of  vegetable  food,  and  cotiscquently  were 
far  Icsa  iuiportaut  as  geographical  elomenta  than  the  many 
niitti(>n»  uf  htx>fcd  and  liorucd  (.-attic  now  XtHl  by  civilized  man 
ftu  the  »auie  continents 


ExtirpaHon  of  Wihl  Quwlrupcd«. 

Although  man  never  fails  greatly  to  diminiBh,  and  is  pcrha}ie 
destined  ultimately  tn  exterminate,  murh  of  tlic  larger  wild 
quadrujHjda  na  he  cannot  profitably  domeflti<!ato,  yet  their  num- 
bers often  fluctuate,  and  even  after  thcj-  seem  almost  extinct, 
tbey  sometimes  auddeidy  increase,  without  any  intentional  stcpa 
to  promote  such  a  reniiH  on  Iub  part.  During  tbo  wars  wbieli 
followed  the  French  Revolution,  tho  wolf  multl])lied  in  many 
paiH  of  Enrojie,  partly  because  the  himtera  were  withdrawn 
from  tlie  woods  to  cliase  a  nobler  game,  and  partly  hecanRo  tho 
lKxlii?A  <if  elain  n)en  and  boraes  supjilled  this  voracious  quadni- 
ped   with    more   abundant    food.*     Tbo  Kaino  animal   bccaina 

*  Durisf  the  lAte  oiril  tkt  in  Americn,  d&or  aiul  other  lulnukU  of  tbe  chaw 
iniilti|ilipil  rnjiiiUjr  in  tli«  ngipiM  of  the  Soatbem  Sfaite*  whlob  w«n  piurtlj 
<lepopuIat«d  luid  deprired  of  their  ^kortunec  by  thft  militaij  oparatioaa  of  tha 
OoaleM.,  aiu]  Mm  be«r  is  said  to  bav*  cea|>|n*red  la  <ll«tricta  whet«  he  had  aofe 

Ml  BMn  In  tlM  mitsootj  of  living  men. 
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a<{a)n  more  nomoronB  in  Polaiul  after  the  general  dimnntng  of 
the  rural  iH»pnlatiou  by  tlic  KiiMian  (iovemraeiit.  On  the 
other  hand,  wlien  the  huutera  pursue  the  wolf,  the  gramimTo> 
ruim  wild  qnadriiped&  iiicreosL-,  and  tliiiB  in  turn  prutuote  the 
mti  hi  plication  of  tlieir  great  four-footed  destroyer  h_v  au<^ueu^ 
ing  tli«  supply  of  his  nonrifihinent.  So  lonj;  as  the  fur  of  the 
Leaver  was  extensively  employed  &>>  a  matmal  fur  hats,  it  liore 
a  very  high  price,  and  the  chase  of  this  qiiadnipcd  waa  so  keen 
lliat  naturalists  feared  its  BjU-'ttdy  extinction.  \STicn  a  Parisian 
manufacturer  invented  the  eilk  hut,  which  soon  canio  into  almust 
univoreal  use,  the  demand  for  ItcAvere*  fur  fell  off,  and  thia 
animal — whoso  habits  are  an  iniiiortant  agency  in  tlie  forma- 
tion i'£  bog»  and  other  modificalions  of  forest  nature — im- 
modiately  began  to  increase,  reappeared  in  hauntu  which  he 
bad  long  abandoned,  and  <^n  no  longer  ho  regarded  as  rare 
enon<(h  to  bo  in  immediate  danger  of  extirpation.  Thus  the 
convetn'enco  or  the  capri<.-o  of  Parisian  fashion  has  unconsciously 
exorciced  an  Influence  which  may  sen«ihly  affect  the  physical 
geography  of  a  distant  continent. 

Since  the  invention  of  gunpowder,  some  quadrupeds  have 
completely  disappeared  fnjui  many  Enmjieaii  and  Atiiatic 
cuuntrles  where  they  wore  fonnerly  iiunionmR.  The  laat  wolf 
was  killed  in  Great  Britain  two  hundred  years  ago,  and  tlie 
bear  was  extirpated  from  tlmt  island  still  earlier.  The  li<m  is 
believed  to  havu  inhabited  A^ia  Minor  and  Syria,  and  pn>liaMy 
Greece  and  Siuily  also,  long  after  tlio  comniencjjmeut  of  the 
hi&t4^*rir,al  |M!rio(1,  and  ho  is  even  Kaid  to  have  been  not  yet  ex- 
tinct in  the  firet-named  two  of  tliuso  cx>untrics  at  the  time  of 
the  first  Crusade.* 

The  BriUgh  wild  ox  is  extinct  except  in  a  few  KngU&b  and 

*  In  mtiintfti'tlt'g  tb«  ro«*At  sxivtonc*  uf  tha  Udd  ia  tba  uoimtriM  nuued  in 
tlt«  text,  mtomluK  b4T«.  pflriupt,  \MiA  too  maeh  wei^bfc  on  tho  froqncat 
oc«nmttcm  of  ii|ii— iiiiliiHiiiw  of  tbte  aiomal  ia  •ouIi>tut«a  ap[)ari>nLlf  t4  a  bi»- 
U-rirwl  dhknu^b^.  It  vEH  twt  do  in  nr^an.  twcntgr  oentoifM  Innae,  that  the 
U  a  nn  J  tli«  uiu'ouni  wne  ootuoion  in  Or«At  Briuln  In  QtMen  Vlc*ori>*a  ttmm, 
bocMtw  tliry  oro  ofton  Man  "  HK)iLftiK  for  th«  cfawn  "  in  tli«  mrriugi  and 
printing*  of  tli^it  peiiod.    ILmj  paleoatolqgista,  bownac,  idtmtitjf  th»  gnai 
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Scottish  parks,  while  in  IrtEh  bogs  of  no  groftt  A])parent 
antiquity  are  found  aiitlere  wUiuli  testifjr  to  the  fonucr  exist- 
cnue  of  a  sta;^  nmch  larger  than  any  oxtant  European  8i>ccle». 
Two  Iftrj^  graniinivortniB  or  lirrwRing  C|ua(Irupcds,  the  ur  ani] 
the  achclk,  <mno  coiiinion  in  Germany,  hare  been  utterly  extir- 
pated, the  eland  and  the  aucrochs  nearly  so.  The  Nibelungen- 
Lied,  whidi,  in  the  olde«t  f<)rin  preserved  to  us,  dates  from 
about  the  year  1200,  tliough  its  original  compoaitiou  no  doubt 
belongs  to  na  earlier  period,  thns  eingt): 

(ri|cn  elotcr  ll)c  bomghtic  Sigfrib  a  toierm  atib  an  elk, 

^c  Qmoit  four  stouL£  u;o»n  auJi  a  grim  tinb  stnrbic  ecljclk.* 

Modern  natnralints  tdontify*  the  elk  with  the  eland,  the  wlscnt 
with  the  anerochs.  Tiie  pfri<id  when  the  ur  and  the  Bclielk  l>e- 
came  extinct  is  nut  known.  The  anertx^ha  survived  in  Pnissia 
nntU  the  middle  of  the  last  eentnn-,  but  mileR;  it  ie  identical 
witli  a  similar  quadra]>cd  said  to  be  found  on  the  Cancasns,  it 
now  exiats  only  in  the  Kiissiaii  inipenal  forest  of  Bialowitz 
where  about  a  thoiiB&ud  arc  »liU  prewrved,  and  in  euuie  |rreat 
menftgeries,  aa  for  example  that  at  SL>hoi)brnnn,  near  Vienna, 
whieli,  in  1S52,  Imd  four  epecimens.  ITjo  eland,  which  ia 
cloeely  allieil  to  the  American  wapiti  if  not  apocitioally  the 
Buno  animal,  ie  still  kept  in  tlio  royal  preiierres  of  Prussia,  to 
the  number  of  fonr  or  five  hundred  individuals.    The  chamois 


oab-tlk*  Mdnsl,  wboM  flkeletons  are  tnqavMy  found  in  British  bone-caroi, 
with  UiB  1km  of  ooi  tiai«8. 

Tlw  leofwid  OMntAora),  though  alrMtdf  Kroirinff  bcbtco,  was  fonnd  In  Oillda 
in  CU)«D*s  time.     Soo  bi>  I«tt«r  to  CcbIIm,  £^piit.  ad  jDAmtkw,  Lib.  IL,  Ep.  11. 

*DiiT  Hiic!'  elnognr  ecliicrr,  cintn  ttti^ftit  nnbe  tUi). 
Starker  nre  sine,  ant  eineu  grimmcn  ocl)cIch- 

ISm  tetCimonf  of  thn  NihttK7\^en-  IJM  Is  not  coadtudn  eridenoa  thw  thew 
qoadnipcdB  «xiiit«d  In  Oemuinjr  at  the  tima  of  the  campomUoa  of  that  poem. 
It  prmrc*  tAo  mnch ;  for,  b  ferr  lined  above  thnec  ju>(t  (inoted,  Bi^rid  ia  naid  to 
harp  killed  >  lioa.  tax  animal  which  the  moM  patriotic  Teatoa  wiU  barcUr 
dftim  M  a  denixen  of  tnediBTal  German;. 
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IB  becoming  rare,  and  tlie  ibex  or  steiitboclc,  once  common  in 
nil  tliP  high  Alpft,  is  now  believed  to  be  confined  to  the  Cognd 
numntains  in  Piedmont,  Itetweon  the  Talleys  of  the  Dora 
linllea  and  the  Oreo,  thon/yh  it  is  eaid  that  a  few  atiU  linger 
alxtut  the  Gi-aiidea  Jornsses  near  Cormayenr. 

T\ie  fhase,  which  in  early  etages  of  human  life  was  a  neces- 
sity, has  become  with  advaneing  cinllzation  not  merely  a 
passion  but  a  dilcttanteiftm,  and  the  cmcl  rocordB  of  this 
jHistimo  are  among  the  most  discreditable  pages  in  modem 
literature.  It  ib  tJ'uc  that  in  India  and  other  tropical  oonntrics, 
the  number  and  ferocity  of  the  wild  beasts  not  only  justify 
but  cvMuniand  a  war  of  extermination  against  tlicm,  but  ttie 
iiidl!i<!riniinatc  slaughter  of  many  qnadmt>cd8  which  ore 
favorite  objects  of  the  ehaso  can  urge  no  snch  apology.  Lata 
otKiial  ro)>orte  from  India  state  tlie  number  of  hunmn 
viiitinis  of  the  tiger,  the  leopard,  the  wolf  and  other  beasts  of 
preyi  in  ten  "districts,"  at  more  than  twelve  tlionsand  within 
three  yeara,  and  «c  are  informed  on  like  authority  that  within 
the  last  six  years  raoi-c  than  ten  thotisand  men,  women,  and 
children  Irnvo  porislied  in  tlio  same  way  in  tho  ProBidency  of 
Bengal  atone.  One  tigor,  wo  are  told,  had  killed  more  than  a 
linndred  people,  and  finally  stopped  tho  travel  on  an  important 
road,  and  another  had  caused  the  desertion  of  thirteen  villages 
and  thrown  250  »ipiarc  miluH  out  of  miUivation.  In  such  facta 
we  find  abimdaiit  jiistifieation  of  llie  slaying  of  seven  tJiuusand 
tigers,  nearly  six  thoutiand  leopards,  and  twenty-five  hundred 
otlier  ravenona  beasts  in  the  Bengal  Presidency,  in  tho  t:pace 
of  half  a  doiten  years.  But  the  htmiane  readier  wilt  not  tliink 
the  value  of  the  flesh,  the  skin,  and  other  leas  important 
produ(!te  of  inoffensive  quadrupeds  a  satisfartory  oxcnso  for 
tlie  ravages  committed  upon  them  by  amateur  sportsmen  as 
well  as  by  professional  hunters.  In  1861,  it  was  computed  that 
tlic  supply  of  the  English  market  with  ivory  cost  tho  lives 
of  8,000  elephanta.  Others  make  tho  nninhor  much  larger, 
and  it  is  said  that  lialf  as  much  ivory  is  consumed  in  the  United 
States  as  in  Great  Britain.     lu  Ceylon,  where  the  elephants 
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are  nnmerons  and  dcetrnctire  to  tlie  cropa,  as  woll  aa  dangerons 
to  travullers,  while  thoir  tueke  are  small  and  of  comparatirely 
little  value,  the  govGrnmeut  pays  a  fiinall  rcvrard  for  killing 
tht^iii.  According  to  Sir  Emerson  Teiinant,*  in  tlireo  years 
prior  to  1848,  the  prominm  was  paid  for  3,500  elephants  in  a 
part  of  the  northern  diiitrict,  and  bct^veen  1S51  and  1S5G  for 
3,000  in  the  southern  district.  Major  Rogers,  famous  as  an 
el6[ihant  sliootcr  in  Ceylo?i,  ceased  to  cuuiit  his  victims  after  he 
bwl  slain  1,300,  and  Cnmtning  in  Sontli  Africa  sacrificed  hia 
hecatombs  every  month. 

In  gpito  of  the  rarity  of  the  chamois,  his  cautious  shyness,  and 
the  coinpsirative  inaccesBiljIlity  of  hia  fnxorito  haitiite,  Colaui 
of  Puntresina,  who  died  in  1-S37,  hiwl  killed  not  le-ss  than  9,000 
of  tliese  aiiimaU;  Kting,  who  is  still  living  in  tl»e  Upper  Eiiga- 
dine,  1,500;  IIitz,l,300,  and  Z^richi  an  equal  number;  Soldam 
shot  1,100  or  1,200  in  the  mounluins  which  enclose  the  Val 
Bregaglia,  and  there  are  many  living  hunters  who  can  Ixiast  of 
havingkilled  from  500  to  800  of  these  interesting  qnadrnpeds.t 

in  America,  the  chase  of  the  lai-ger  (p}adru(ied9  is  not  lees 
deetmctire.  In  «  l&te  nnrober  of  the  Aiiwrican  J^atwalutf 
the  present  annual  slaughter  of  tlio  bison  is  calculated  at  the 
enormous  nuniljcr  of  500,000,  and  the  elk,  the  ninoso,  tlio  cari- 
bon,  and  the  more  familiar  species  of  doer  fiiniitih,  perhaps,  as 
many  victims.  The  most  fortunate  deer-hnntcr  I  have  persoa- 
«Uj  known  in  2sew  Knghmd  had  killed  but  96€ ;  but  in  the 
Siorthem  part  of  the  State  of  Xew  Tork,  a  single  siKJrtsman  is 
mid  to  have  shot  l,5i'K),  and  this  nuniWr  has  been  doubtleafi 
exceeded  by  zealoas  Nimrods  of  tlie  West. 

But  so  far  as  niunbcrs  are  concerned,  the  Etatisti<:s  of  the  fur- 
trade  furnii^h  the  mi.>«t  sur|>ribing  re^^ults.    Bussia  sends  oimu- 


*  Jfatur^  Oitiory  of  Cejfion,  ohnp,  ir. 

\  AltbMi^hittiionlyb)  tiie  nererMtcold  of  winter  that  thAchunobdaaoeBdi 
b>  the  Ticinit7  of  groonda  oocapi«l  bj  mmti.  it«  or^fuiizatiuo  does  not  oonflne 
H  to  tliemonnteins.  Tn  the  nyol  park  of  ILieennifp.  on  the  plain  n  few  milca 
bom  Tana,  at  d  liftlgtit  of  lew  thMk  1,000  feet,  ia  kept  a  h«nl  of  thir^  or 
taetf  chamois,  which  thiirc  and  breed  npparsatl;  as  well  as  in  the  Alpi. 
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ally  to  foreign  markets  not  less  than  20,000,000  squirrel  skiiis. 
Great  Britain  bus  soinctiincs  imjiurttjJ  frrjia  Soiilli  America 
COO.O'H)  juitria  skins  in  a.  year.  The  Leipzig  market  receives 
annually  nearly  200,000  crmino,  and  the  Iltidfion  Jlay  Company 
i»  said  to  have  ocea«ioiialIy  burnt  20,000  ennino  skins  in  order 
tJittt  the  market  mij^ht  not  !«  overstocked. 

Of  ixMirse  natural  reprodiidioii  cannot  keep  pace  with  this 
enormous  destraction,  and  many  animals  of  much  iut«rcdt  to 
natural  scicueo  are  in  initiilnent  danger  of  final  extirpation.* 

Jjiirge.  Marine  Animals  relativdy  unimportant  in  Qeogvaphy. 

Tast  as  is  the  hulk  of  some  of  the  higher  orders  of  aquatic 
animals,  their  renmina  are  generally  wi  jwri^hable  that,  even 
where  most  abundant,  tlioy  do  not  ap|)car  to  be  now  forming 
permanent  dcpoi^ita  of  any  conHidcml)Ie  magnitude ;  but  it  is 
qoite  othenriae  nith  shell-tish,  and,  as  we  shall  see  hereafter, 
with  many  of  the  miunte  limcworkers  of  the  sea.  Tltcro  arc, 
on  the  B'lutheni  const  of  the  United  States,  beds  of  shells  au 
extensive  tliat  they  were  formerly  8n])]Mt3cd  to  have  been 
naturally  neeumulatcd,  and  n-erc  appealed  to  as  proofs  of  an 
elevation  of  tlie  <»a&t  by  geological  ranisoa ;  but  lliey  ai-o  now 
ascertained  to  have  been  derived  cbie6y  from  oysters  and  other 
shell-fiali,  consumed  ui  the  course  of  lon^  a^es  by  the  inhabltauts 
of  Indian  towns.  The  plaiUiuf;  of  a  bed  of  oystera  in  a  now 
locality  might  vorj'  probably  lead,  in  time,  to  the  fonnation  of 
a  bank,  which,  in  connection  with  otiier  deposits,  might  per- 
ceptihty  affect  the  line  of  a  ooast^  or,  by  changing  tlie  course  of 
marine  currents,  or  the  outlet  of  a  river,  produce  geographical 
changes  of  no  small  iniiwrtauec. 

*  ObJvotioDable  M  game  Ibwb  &»,  Uie?  havo  doo«  KnoMbing  to  prereot  lli« 
ciUootiou  of  miuiy  qmulrnpeds,  which  tutoraliflta  woald  bo  loth  to  lose,  and. 
ai  in  tlw  eaM  of  Uia  Brituh  ox,  pnvmla  puka  and  pnawvea  baT*  Mred  other 
■poelMtroadMtnudan.  Soma  tow  wild  antmali,  mch  —  tb>  AmnrkMui  mjnlt, 
fat  •smpla,  hav*  tiaan  protaalBd  and  bfed  with  profit,  and  la  Faimajrlnnia 
■n  Miehtton  of  gsBtisnim  baa  art  apart,  and  u  about  amiloBin;,  a  park  of 
18,000  aarea  Cot  Uh  braeding  of  indigaBOiM  qoadrnpeda  and  fowli. 
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Introduction  and  Braiding  of  Fi^K. 

The  iiitrodiiction  and  sncceaafal  hrecdiii;^  of  fish  or  torei^ 
Bpecies  api»ear9  to  have  hron  long  practifiod  in  Clima,  and  wiw 
not  unkiiawti  U)  the  Greeks  and  IJninanR.*  This  art  haft  heon 
revived  in  modem  times,  but  thus  far  without  any  iiuporfAnt. 
rMnlta,  economical  or  phygical,  thotigh  there  Rcems  to  be  f;ood 
reason  to  l>elie\*c  it  may  l^e  employed  with  advantage  on  au 
extended  scale.  As  in  tlie  case  of  plants,  man  lias  eomctimes 
unde-^ij^nedly  inlroiluftod  new  specioa  of  aquaJ-ie  animals  into 
counlriert  distant  fmm  their  ))Irthplacro.  Tliu  accidental  escape 
of  the  Ghinese  goldfish  from  ponds  wliere  they  were  bred  as  a 
garden  ornament,  has  peopled  some  European,  and  it  is  paid 
American  stn'amfl  witli  tins  speeiu.^.  Cuimls  of  navigation  and 
iirigstioD  interchange  the  fish  of  lakes  and  rivers  widely  eepa- 
ratcd  by  natnral  harriers,  as  well  a^s  the  plants  which  dnip 
their  seeds  into  the  watei-s.  The  Erie  (!aiial,  a^  measured  by 
its  own  channel,  has  a  length  of  about  three  hundred  and  sixty 
miles,  and  tt  lias  a-^ccnding  arid  deflcendinp;  locks  in  both  direc- 
tians.  By  this  route,  the  frt-tih-wHter  fish  of  the  llmlson  and 
the  TTpper  Lakes,  and  fiomo  of  the  indij^noos  vegetables  of 
these  respective  boeins,  have  intermixed,  and  the  fanna  and 
flora  of  the  two  re^^ona  have  now  more  species  common  to  both 
than  before  the  canal  was  opened.f  The  opening  of  the  Sncx 
Canal  will,  no  donbt,  produce  very  interesting  rcvolntions  in 
tlie  animal  and  vegetable  population  of  both  basing.  T)io 
Mediterranean,  witii  some  lonal  exceptions — snch  as  the  bays  of 
OaUbria,  and  the  coast  of  Sicily  so  pictnreAqnoly  descrihcil  by 

*  Tbe  olmrvatloas  of  Coi.curlla,  de  Re  liustwt,  lib.  viil,  aistecntb  aud' 
following:  chaptozs,  on  flab-brewiiiifr.  ue  Intereatiny.  Tli«  Rumaiifl  not  oalj 
itucked  nntuTiU  bat  constmoted  arUflei*!  panda,  of  ))oth  f  mOi  and  Mlt  waler. 
and  cat  off  \My*  of  lh«  am  for  fhi*  purpcae.  Tbe;  slao  oatmaliiad  vanooa 
iped«  of  na-fiah  in  firtsb  water. 

I  Tbe  opotting  or  ntlier  the  recoutmctjon  of  tbs  Claodian  am  iauty  Xij 
Prince  Toricmia,  deaigncd  to  drain  the  Lake  Fu^a*,  orColano,  ha«  inFrodacwl 
the  fith  of  that  take  into  the  Liri  or  Qarigliaiio  wliich  noaiTCB  the  diidurga 
from  the  lake. — DoitOTC\,  f^^mmtrio  atvrica  <MP  AUtuHea,^  SO. 
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Qoatrefagee* — i£  compru-atively  jHK>r  in  moriBB  vegetation, 
and  in  sliell  as  well  as  in  fin  ti^li.  The  scarcity  cf  fish  in  some 
<if  its  gulfs  is  proverbial,  and  vou  may  Bcrutinizo  long  gtrctchea 
of  buauli  on  its  nurtberu  isIiurL'S,  aftur  every  south  wind  f^>r  a 
wliole  winter,  withoat  finding  a  dozen  Bhells  to  reward  your 
ecArch.  Bnt  no  one  wlin  has  nut  l»x>ked  down  into  tn>i»ioal  or 
subtropical  eeaa  can  ct>nc,RiTe  tlic  amazing  wealth  uE  tlio  lied 
Sea  in.  oi^ganic  life.  Its  bottom  i&  carpeted  or  paved  with 
marine  planU,  with  zoophytes  and  with  shells,  while  its  waters 
are  teeming  with  iiitiiiituly  varied  f«.»rins  of  niovijig  life.  Most 
of  its  TegetablcA  and  its  animals,  no  doubt,  are  confined  by  the 
laws  <>f  Uieir  organization  to  a  wanner  temperature  than  that  of 
the  Mcditcrrauuan,  but  among  them  there  mu^t  be  many  whoee 
habitat  ie  of  a  wider  range,  many  whose  powers  u£  aeeommo- 
dation  would  enable  them  to  acclimate  themselves  in  a  colder 
6ca. 

We  TDay  finppoge  the  lees  nnmerons  aqnatic  fanna  and  flurs. 
of  the  Mediterranean  to  be  e<|ual1y  capable  of  climatic  adapta- 
tion, and  hence  there  will  be  a  {vartial  interchange  of  the 
oi^goiiic  population  not  already  common  to  both  seas.  Do- 
elructivo  xjiccicB,  thus  nowly  iiitrudiiccd,  may  diiniincs}i  the 
numbers  of  their  pro|M>r  prey  in  either  basin,  and,  on  the  other 
hand,  the  increased  supply  of  appropnato  food  may  great!/ 
mnltlply  the  abundance  of  others,  and  at  the  same  time  add 
important  contributiouiito  the  aliment  of  man  in  the  coinitriea 
bordering  on  the  Mediterranean.! 

Some  afcidental  attraction  not  unfrcquently  indiioc*  fish  to 
fjlli^w  a  ve&icl  for  days  in  succession,  and  tliey  may  thus  be 
enticed  into  zones  very  distant  from  tbcir  native  habitat. 
Scvcml  years  ago,  I  was  told  at  Con^tantinoplcj  upon  good 
authority,  tlmt  a  couple  of  fish,  of  a  Bj>ocies  wholly  utilcnowu  to 

•  S>vtfnir»  (Ttm  XntMraliatf,  t.  pp.  S04  rt  v^. 

t  The  dMolntioo  of  tba  w)ta  In  tfau  Ixsl  of  the  Hitter  LalcM  ImpnYiwtod  Ibe 

■\tT  «diiuU«d  tnm  tb«  RM  S«>  *»  highlj  th»t  for  wmiA  thma  fijth  w*n  Dot 

ti  Umt  bufn.     The  flow  of  the  onrrvtit  ttiroiig)i  Uie  CMul  luw  now  n* 

tb«  pioportioa  of  »lina  inatt«r  to  five  per  cent,  aoA  Uto  ttmreUfii 

il  llidi  u  alntDdsnl  is  tta  wAtan. 
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the  natives,  had  just  keen  taken  in  the  Roaphoms.  They  were 
alleged  to  hove  followt'd  an  Eug-lieh  ship  from  the  Thamca,  and 
to  have  been  frequently  obecrvcd  by  tbo  crew  during  the  pas- 
■age;  but  I  wus  uiiiible  to  loam  their  specific  eluiracter.* 

Many  uf  tho  tish  whluh  pass  the  greater  part  of  the  year  in 
salt  water  s|)a^vQ  iu  fresh,  and  some  fresh-water  s^ieeics,  the 
common  brook-trout  of  New  England  fur  instance,  which  under 
ordinary  circumstancea  never  visit  the  sea,  will,  if  traneferred 
to  brooks  emptying  directly  into  tho  oecan,  go  down  into  the 
lit  water  after  spawning-lime,  and  rctnm  again  the  next 
'Kadon.  Some  sea  laah  have  been  nntiiralizod  in  fi-eeh  water, 
and  naturalists  have  argued  from  tile  character  of  the  tish  of 
(e  Baik;il,  and  esi>ccially  from  the  existence  of  the  seal  in 
that  locality,  that  all  its  inliabitanta  were  originally  marine 
Specie^,  and  have  changed  their  habits  with  tho  gradual  con- 
versiun  of  the  ealine  waters  of  tho  lake — nnoo,  as  is  assnmcd, 
a  maritime  bay— into  fresh.f  Tho  presence  of  the  seal  is  hardly 
conclosire  on  this  point,  for  it  is  sometimes  seen  in  Lake  Cham- 
plain  at  the  distance  of  some  hundreds  of  miles  from  even  brack- 
ish water.  One  of  theee  anitnak  was  killed  on  tlie  ice  in  that  lake 
in  February,  1810,  another  in  February,  18464  *°^  remains 
of  tho  wal  have  been  found  at  other  times  in  tho  same  waters. 

The  intentional  naturalization  of  foreign  fish,  as  1  have  said, 
has  not  thus  far  }*ieldcd  important  fruits;  but  though  tliis  par- 

*  Beven  or  eight  ;«sra  itfo,  tha  ttalian  fp>venimeoi  imported  tram  Francs 
a  dredgteff  nuKbioo  for  nw  Id  tb«  Itaibor  of  L«  Spcxia.  Tlie  drodpe  brtnigfat 
.toJtshoU  a  sbell-BBb  not  kooim  in  Itnliui  WBtera.  The  molliiBk, 
Ibidiflg  tl)«  local  clroamat«noM  f  ftTombto,  f  itUblixhod  it«elf  in  this  now  habitat, 
nnltiplied  rapidljr,  and  ia  now  foand  ainiofit  OTcrxwbere  on  the  wsat  ooast  of 
the  Pco!nfltil/k 
t  Babixkt,  /ftirfM  a  LKtuna,  li,  pp.  ItW,  IIO. 

J  TnoMrvi^r,  JfnfurM  BUtor^  of  IVmnMil.  p.  89,  and  Append!*,  pi  13. 
TfaBTo  is  ni)  resAiD  to  bBlieve  tbat  tJie  seal  hreedii  to.  LaliO  Champlain,  but  the 
Indtvidaal  lut  taken  tfaoro  moHt  have  been  aome  woolu,  at  lea«t,  in  ita  waters. 
It  was  Idlied  on  the  ice  in  tbe  widest  part  of  tbo  laka,  on  tho  33<I  of  Fcbinarjr, 
thhte«n  dajB  aft«r  tiie  mrface  waa  entlrolT'  troEcn,  cxtfopt  tho  nmial  amall 
^sncka,  and  a  nootb  or  two  after  the  loe  oloaed  at  all  points  north  of  Uio  place 
:«ti8re  Uio  anl  woa  foand. 
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ticnlar  bi-ai»eh  of  what  is  called,  not  very  hfippnT,^i*»cu^MP«i 
has  not  yet  cstablUlied  its  claims  to  the  attention  of  the  physi- 
cal geogmpher  or  die  political  ccyiioraist,  tho  artificial  brood- 
ing of  doinc«ttic  fi«b,  nf  the  lobfttor  and  other  crustat-ea,  baa 
already  pnidneed  very  vahiahio  rofiidtn,  and  is  apparently  des- 
tined to  oecnpT  an  extremely  oonspicnons  place  in  the  liiBtory 
of  man's  efforts  to  compensate  his  prodigal  waste  of  tho  gifts  of 
nature.  The  arrangements  for  breeding  fisli  in  the  Venetian 
lagoon  of  Coniaechio  date  far  back  in  tlic  Middle  Ages,  bat  the 
exAtiiple  d<w«  not  seem  to  have  boon  followed  elsewhere  in 
EuritjH!  at  that  jierind,  except  in  small  ponds  whore  the  pn> 
pagation  of  the  fish  was  left  to  nahire  witliont  much  artiticial 
aid.  The  transplantation  of  oysters  to  artificial  ponds  has 
long  been  common^  and  it  appears  to  liavo  recently  succeeded 
veil  on  a  large  scale  in  Ibe  open  sea  on  the  French  ooaet.  A 
ereat  extension  of  this  fishery  is  hoped  for,  and  it  is  now  pro- 
posed to  intnxliico  np4)u  tJie  same  coast  tho  American  soft 
clam,  which  id  »^  abnndant  in  the  tide-washed  beach  sands  of 
Long  Island  8onnd  as  to  form  an  important  article  in  the  diet 
of  tho  neighK'riiig  |vjpidation.  Experimental  pisclcullnre  has 
been  higlily  sueccwful  in  the  Cnited  States,  and  will  probably 
soon  become  a  rt^lar  branch  of  rural  indnfitry,  especially  as 
Congreos,  at  the  session  of  1871-2,  made  liberal  proviuiou  fur 
its  promotion. 

The  restoration  of  the  priraitive  abnndanoo  of  salt  and  fresli 
water  fish,  is  perhaps  tho  greatest  material  benefit  tliat,  wiih 
our  present  physical  resourcce,  governments  can  hope  to  oonfw 
npon  Uioir  snbjecta,  Tlio  ri%'era,  lakcA,  and  seacoaAts  oiico 
refttocfced,  and  protected  by  law  fnnn  exhaustion  by  taking  ftsh 
at  improper  seasons,  by  destmctive  methods,  and  in  extravagant 
quantities,  would  continue  indefinitely  to  farnisli  a  very  large 
Btipply  of  most  healthful  food,  which,  unlike  all  doniestio 
and  Bgricnltural  products,  wonld  spontaneously  renew  itself 
and  cost  nothing  but  Uio  taking.  Tliere  are  many  storilo  or 
vomout  soils  in  Knrope  eo  situated  that  they  might,  at  no  very 
forntidable  cost,  be  converted  into  permanent  lakes,  which 
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would  Bcrre  not  only  as  reservoirfl  to  retain  the  water  of  winter 
r&ins  and  snow,  and  give  it  out  in  tlic  dry  season  for  irrigation, 
but  as  breeding  jKiuds  for  lU!i,  aiid  would  thurt,  without  further 
cimXy  yield  a  larger  supply  of  bumau  food  thau  uau  at  prcseut 
be  obtained  from  them  even  at  a  great  expenditure  of  capital 
and  labor  in  agricultural  operations.*  The  additions  which 
might  be  made  to  the  nutriiueut  of  the  cinlized  world  by  a 
jutlicious  admluidtrntloQ  of  the  rc^otirt^cs  of  the  waters,  would 
allow  eomo  restriction  of  the  ainuunt  of  soil  at  proaont  cm- 
ployed  foragiicultural  purjKieos,  uiid  a  corresponding  extension 
of  the  area  of  the  forest,  and  would  thus  facilitate  a  return  to 
primitive  geographical  arrangomcuts  which  it  is  iinportaut  par- 
tially to  restore. 

Dettrudwn  of  Jilsh, 

Tlie  inhabitants  of  the  waters  Bcom  eonipai-atively  eeenre  from 
human  pui-suit  or  interference  by  the  inaccessibility  of  their 
retreats,  and  by  our  ignorance  of  their  habits — a  natural  result 
of  the  difficulty  of  observing  the  ways  of  creatures  living  iu  a 
medium  in  which  we  cannot  exist.  Human  agency  has,  ncver- 
tholeee,  both  directly  and  incidentally,  prodnccd  groat  changes 
in  the  population  of  the  Aca,  the  lakes,  and  the  rivers,  and  if 
the  effects  of  such  revolutions  iu  aquatic  life  are  apparently  of 
eiiuU  importance  in  general  geography,  they  are  still  not  wholly 
lappn-ciable.  The  great  diniiiintion  in  the  abundance  of  the 
rger  fisli  employed  for  f<.>od  or  pursued  for  products  useful 
in  the  arts  is  familiar,  and  when  we  consider  how  the  vegeta- 
ble and  animal  life  on  which  they  feed  must  be  effected  by  the 
reduction  of  their  numbere,  it  is  easy  to  see  tliat  tlioir  dcstnie- 
tion  may  involve  considerable  modifications  in  many  of  tlie 
material  arrangements  of  nature.  Tlie  whale  f  does  not  appear 
to  have  been  an  object  of  pursuit  by  the  ancients,  for  any  pur- 

*  See  Acuuinop,  DieSuUunffdtTSmeAdvnd  Omeiistar.     QafiUnlmrg,  18S0. 
t  I  UM  uAaU  not  iQ  a  teohmcal  uoM,  but  at  a  gcoerk)  term  for  all  the 
large  inbibitanta  ot  tho  sea  popaUrl;  groapeA  aiiil«r  that  oamc 

Tho  Gie«k  xvTVf  and  tbe  Latin  Ualwua,  tbough  AomqUmeft,  opeclallj  In 
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pciee,  nor  do  we  know  when  the  whale  fishery  first  oominenoed. 
It  wa&f  bowever,  Tery  actively  prceecuted  iu  the  Middle  Ages, 
and  the  Biscayana  eccm  to  have  been  particularly  saocesfifnl 
in  this  as  indeed  in  other  braiiuhes  of  naatical  indastry.*  Five 
hundred  ycara  a^,  wbalt'S  almuiided  in  e¥vry  sea.  They  long 
aiuce  became  so  rare  in  the  Ifediterranean  as  imt  to  afford  en- 
couragement for  the  fisher^'  as  a  regular  occupation ;  and  the 
great  demand  for  oil  and  whalebone  for  mechanical  and  nianu- 
facturinjT  purjKises,  in  tlio  present  century,  Iuls  stimulated  tlio 
pursuit  of  the  ■*  hiigeet  of  living  creatures  "  to  such  activity,  that 
ho  has  now  almcat  wholly  disappeared  from  many  fuvorita  fiih- 
iDg  grounds,  and  in  others  is  greatly  diminished  in  numbers. 

later  riMtlrtI  writcn^  ■ptdfiolly  ^^fdied  to  tme  ortAoeann,  wem  gMstmllj 
BBob  moM  oonpnliaiUBT*  m  tboir  ■ignificatioii  Uiui  tbe  modrra  vonl  whrnlti 
Tfab  appeals  abaudaotlj  from  Uie  vnum^rfttian  of  tbe  muriiu)  aalniBl*  oa* 
bnMiod  ^  Opfua  siular  th*  saia*  mim,  in.  Um  fint  book  of  tbe  HalieaUaa. 

Tbara  b  aome  coafndoB  In  Oppiao'a  aoooant  of  the  Ssherj  of  the  vfrsi  i& 
tin  fifth  book  of  tlw  HalicutJoa.  Put  of  it  U  probkblj  to  ba  oadentood  of 
ealaeauu  which  bate  frrvuaiM,  aa  Mme  apecsM  oflea  do ;  Imt  In  general  it 
aridrattr  appliea  to  tbe  takinfr  of  latira  fiab — ahatka,  (or  examplo,  aa  appaaia 
bjr  tiie  deaeriptiua  of  the  tecth^a-Jih  book  and  bait. 

*  From  the  nanatiT*  at  Obtlier,  iotrodooed  br  Kiec  Alfred  bito  hit  tnuula* 
tion  of  Oroaloa,  tt  ii  dear  that  tbe  Nonfamcai  punned  the  whale  fiaheajr  Is  tba 
idoth  castoiT.  and  it  apptani.  both  from  tbe  poem  ealled  The  Whale,  in  tbe 
Codec  Kceideaaia.  and  from  the  dialogae  with  tha  Ifadkanaaa  ia  the  OefloqaLles 
•C  JUUrio.  that  the  Aa|Ae-Saxeaa  followed  thia  daoseroaa  ehaae  at  a  period 
Bol  Bioch  later.  I  am  aoi  awmra  of  aoj  evidence  to  Aaw  that  an;  ot  thw 
Latin  patiooa  cngifcd  la  thla  Bab«x7  nntO  a  century  or  two  iAermud.  tbm;^ 
it  amy  ooc  be  eaax  to  diqicoTe  iheir  earlier  partkapation  in  U.  In  aMdianal 
Bteratmo,  IjUin  and  Bonanc*.  wry  frvqaent  BentioD  ia  kbiIb  of  a  apedai  of 
TMil  caOod  ia  Latia  Uiiauria,  iatmtmHuM,  talaurm*,  bajainrim,  ata;  la 
Caralaa.  tobwrry  ia  yxaoe^  Meniir/  all  of  which  woida  aetar  in  owugr 
attar  faraa.  Th*  noet  obviona  a^mofoiar  of  Iheaa  woida  woold  ang|«al  th* 
nuaalng,  rtlafar,  UMmte;  hoi  aone  bare  anppoaad  that  the  aaaw  waa  da> 
agriplhv  of  the  ;reat  liae  of  Mm  ih^  and  othon  hart  ntand  It  IvadUhc* 
aa*  reeC  Fraa  the  fniinwinlh  aeatnrr,  the  word  oaon  Bnaa»,  paihip^ 
fa  aid  Catalan,  than  ia  aa;-  other  laagnage ;  trat  CkiananF  doaa  not  aattoe  the 
whale  tKbetj  aa  oae  af  the  ■uuithne  panoiu  of  tba  v«7«Ul|iiUu(  fiaiaha 
people,  sor  do  1  Bad  aar  of  the  pcotoeli  of  the  whale  ■■MMiad  in  the  aid 
Catalan  laiiSk  Tha  itAaUmu  of  tha  medimal  wriuca.  arUik  b  dwaartbad  aa 
vary  wUta»  b  doobtieai  the  nary  at  the  walrru  or  of  tbe  auwhaU. 
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Wliat  Bpccnal  fnnctiona,  bcRidos  liie  usee  to  man,  nre  nasijrnod 
to  the  wlmle  in  iJio  ticoiioniy  of  iiatiuv,  we  do  iKtt  kimw;  but 
Bome  uuTisiderations,  Biiggei^Ccd  hytlie  character  of  the  food  iijioii 
which  certaiu  E|:«<:io6  eubuist,  deserve  to  be  Bpecially  uotii;ed. 
None  of  tlio  great  inainmiils  g;r«inpcd  under  the  j^neral  name  of 
whalo  arc  ra^mcious.  Thej  all  live  upon  etnall  or^iiistns,  and 
the  niMt  tnnMeri.iug  epocie:;  feed  ahnost  wliollv  nprui  the  6oft 
gelalinouB  mollnsks  in  which  the  »e&  abounds  in  all  latitudes. 
AVe  caimot  calcalato  even  approximately  the  number  of  the 
whales,  or  tlie  qiiniitity  of  organic  nutriment  cN^iiBnin(.'d  liy  an 
individual,  and  of  roursc  we  van  fonn  no  cstiitmle  of  tJie  total 
amount  of  animal  matter  witlidrnwii  by  tlicm.in  a  gi\*en  jwritKi, 
from  the  waters  of  the  sea.  It  is  certain,  however,  that  it  muat 
have  been  enormous  when  they  were  m^ro  al>und8nt,  and  that 
it  i»  still  verv  ooiieidcrablo.  In  IHAQ  the  United  States  bad  six 
hundrtHl  and  peventy-crr-ht  whaling;  Bhips  <^hii'fly  (.'mplnved  In 
the  Pat'ific,  and  tlie  product  of  ihe  Aniorican  whale  ftshery  foi' 
the  year  ending  June  l-it,  1860,  wan  eevon  millions  and  a  half 
of  dollars.*    The  more  bulk  of  the  whaler  destroyed  in  a  single 


*  Ib  coBaeqiiaie*  of  the  great  scarcity  of  tba  wbal«,  tiie  luo  of  »»l-p3ui  for 
fflnminatioa,  tin  KalMlitativo  of  otliei  fat^  and  oLangiuaaa  iubsfautoes,  soob 
ulnrd,  piJm-oU.  nnci  p«lroivtiirn  for  ri^lit-wlLult-  nit  imd  M]HinDaOBti,  tiiowbnlo 
Aabatr  bumpldlr  fAUoo  off  tvlthin  a  few  jtan.  The  gmt  inipplyof  p«tro1«um, 
whU)  (m  nincli  ucil  for  liiVrlcutin]^  mkalilaerr  oh  well  an  fur  numiTOiu  othur 
poipovM,  bu  pTodac«il  a  more  perceptible  ellect  on  the  wbale  ftfUer;  than 
maj  other  aiuKio  oitcunuitnnoo.  Aoonrding  to  Ligv-low,  /^t  £ttit»-  Uni*  en  tNO;!, 
p.  340.  tb«  Anerlcao  wballni;  t1<Mt  waa  diminlAbed  by  £0  in  1S&8.  57  in  Ihoq. 
IN  in  IHdl,  and  Hi  in  lsr>3.  Tlie  ucuntwr  of  American  uliips  employed  iu  that 
fliboy  in  1869  waa  ^9.  In  18M,  the  Amerioui  whaling  llt-ot  wu  icdacod  Co 
288.  Tba  pzodnot  of  Um  whala  flsbarj'  in  that  j«ar  was  1,483,000  (raUoiu  of 
•!««»  oil,  3,0&'i,RI2  ^lfli>ii  nf  train  oil.  and  (Wl.OOOpoands  of  whalcbooa  Tbe 
jlald  of  the  two  Bp««iM  of  wbalc  is  about  tbs  Muno,  being  osUiuated  at  bom 
4,000  tori, OOApilloiiBforeaohflKfa.  Taking  the  iTerage  at  4,900  galloua,  tibo 
American  whaleri  mort  have  oaptnred  760  wholw,  bwidM,  doubtlsH.  maajr 
wbich  were  klUod  or  mortally  wouudad  and  sot  aeoarod.  Tb«  ratania  tor  tba 
ytmx  are  valued  at  about  Are  mDlion  and  a  balf  dollan.  Mr.  Ootlfl,  from  a 
tvport  bj  iriion  moat  of  the  abora  facts  am  takao,  eatJmatca  the  annoal  Tohie 
Of  tbe  "  products  of  tbe  aca  "  at  tM,0O0.OOO. 

Aoooidliig  to  the  JVm  JBt^ord  StaaAtrd,  tha  Aawtioaa  wfaal«n  nsmberod 
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year  by  the  American  and  the  Earopean  vesaela  engaged  in 
tliife  fishery  would  furm  an  iiluud  of  uu  inouuBulcrablo  dimen- 
bimis,  and  each  one  of  those  taken  must  have  cunsuincd,  in  the 
roui-go  of  his  growth,  many  tiruca  hU  own  weight  nf  tuoUuflkti. 
The  dcetruction  of  tlio  whales  nm>it  liavo  boon  followed  by  a 
])ru])ortional  inci^ease  of  the  oi^nismi)  they  feed  upon,  and  if  we 
had  the  means  of  com^iariugtho  statistics  of  these  huuiblo  fonot 
of  life,  for  even  eo  short  a  peri<>d  as  that  between  llie  years 
1760  and  ISGO,  we  sliotdd  find  a  difference  poeBibty  sufficient 
to  sugge&t  au  explanation  of  same  phenomena  at  present  nnao- 
Dounted  for. 

For  instance,  as  I  have  observed  in  another  work,*  tlie  pho^ 
phorcscence  of  the  sea  mvo»  unknown  to  ancient  writers,  or  at 
leaat  scarcely  noticed  by  thciu,  and  oven  Homer — whu,  blind 
a»  tradition  mnken  him  when  he  coni{X)8ed  \ih  epics,  had  seen, 
and  marked,  in  earlier  life,  all  that  the  glorious  nature  of  the 
Hcditerrant^an  and  its  coasts  di&eloscs  to  uiiseienlitiu  obHon'a- 
tion — nowhere  alludes  to  this  most  beautiful  aud  striking  of 
niuritime  wondcre.  In  the  passage  just  referred  t",  T  have 
(•ndeuvored  to  explain  the  silence  of  ant^ieiit  writer*  with  re- 
spect to  this  as  well  as  other  remarkable  plienomena  on  psycho- 
Ic^cal  grounds ;  but  is  it  not  possible  that,  in  modern  times, 
the  auinialculo)  which  produce  it  may  have  immensely  multi- 
plied, from  the  dcMriit-tiun  of  tlieir  natiuiil  enemies  by  man, 
and  hcnoy  that  llie  gleam  shot  forth  by  ibeir  decomposition,  or 
by  ilieir  living  pitweefies,  is  both  more  frequent  and  more  bril- 
liant than  in  the  da}-s  of  classic  antiqnity  1 

TtB,  tneunriBf  &nO,ei8  ton*,  la  IMS.  On  th«  BIm  Docember,  197S,  the  niun* 
fa«r  WM  rediic«(l  to  301,  with  a  laaaagv  of  47,71-7  Ccma,  Mid  tli«  iiuixtrtotioa 
of  whale  and  vperm  oU  uunuibed  ia  tiuA  yuu  b>  itl.flOO  faanda, 

Bvcnd  Fi^  au  euenrvlio  XorWflglttn,  sewdtRiM  on  the  while  Aibujia 

the  Aretlts  Ocean  in  k  Bteamcr  of  SO  hBne-|Mwer,   ■4X>ain|HUiied  hj  tRi^i^ 

ihi|ia  (or  Lb«  oil     Tbe  vrbaloa  aie  IdUed  by  ex}>loftiT«  kbdls  fired  ttom  n  ■mall 

caiuioa.     Tbe  ootnbfiT  usnaUjrktllcd  by  Pu^a  U  fnim  ^.t  toiS  par  joar.  —  TAo 

•ttre*  iM  tA*  J'rvdueU  o/  M«  Sea.  a  re|«rt  hj  Col.  JL  I>.  Catta,  oommiuil- 

nV.  8.  Scn&te.    Wuhington,  1H7S. 

{a  <9n4  llitt«fj/  </  t^e  ICnfflM  Langvafft,  Ac ,  pp.  4SS,  4£1. 
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Althongh  the  wbale  docs  not  prey  uiwn  smaller  ure&t«re« 
resembling  hiiusclf  in  fonu  aud  iiublts,  yut  true  tisUcs  aro 
extreiiiflv  voracious,  and  almost  every  tribe  devoiirs  uiii>p*r- 
iiigly  ibe  feobler  sjicctcb^  and  oven  the  epawn  and  yuung  of  its 
own.*  The  enonnoiis  destraction  of  the  6)iark,t  the  pike,  the 
trout  family,  and  other  ravenous  fish,  33  well  as  of  tbo  tjohiiig 
birdt^  tlw  seal,  and  the  otter,  by  man,  would  naturally  have 
oot-aaioned  a  great  increase  in  tlie  weaker  and  moi-e  defeneelesa 
&b  on  whtdi  tliey  feed,  had  ho  uot  bcea  as  hostile  tu  them  also 
u  tu  their  penseuutore. 

Dfjftrttdion.  of  Agnatic  AnimaU. 

It  does  not  Beem  probable  that  man,  wil-h  all  hia  rapacity 
and  all  his  engincr}*,  will  succeed  in  totally  cxtiri>atiDg  any 
t^t-watur  fihh^  but  he  1ms  already  exterminated  at  least  one 
inariue  warui-bloodud  aiiiiual — Stcller's  sea  cow — and  the 
ivalrufl,  tlie  fica  lion,  and  other  large  amphibia,  as  well  aA  the 
principal  tishing  quadrui^ds,  are  in  innniiicut  danger  of  ex- 
tinction. StcUer'fl  ftca  cow,  likyt'uM  SuUeriy  waa  flwt  seen  by 
Ciinipcaim  in  the  yeit.r  1741,  on  I>ei-ing*M  Inland.  It  was  a 
huge  aiuphiblitUA  nuunmul,  weighing  not  Ic66  tliaii  eight  thou- 
Aand  pt^nnd^,  and  appears  to  have  been  confined  ext^-lnsively  to 
the  inlands  and  toasts  in  the  neighborhood  of  Ilenngs  StraiL 
Its  flesh  was  very  palat>ibte,  and  the  kicalities  it  friHjuented 
wero  easily  at-ccHsible  from  the  Unssiau  eBtabliahmt-uts  in 
Kaintscliatka.    Aa  soon  as  its  existence  and  character,  and  llie 


*  Two  jronng  pfck«r«I,  Oiftt»  fiuditmi,  fire  inoha  Iuu2,  stn  128  mlniiowK, 
ui  Incli  luBK.  Lbe  tint  (bj  they  were  ted,  1913  tli«  iLMwrnl,  and  150  tho  thlnl. 
— Filth  Htpttrt  0/  GiMMtiulo/itn  of  MuiuacAiu*U»  /vr  Introdtuimi  of  Fia^. 
lETTI.  p.  17. 

f  Tb«  Hluirk  U  ptinued  iu  all  tb«  ttoitlcol  uiil  subtropical  seas  foi  it«  Ons — 
Cor  whiob  there  U  a  gTest  dnuand  in  ChLoa  w  on  aiUele  of  diiH — ItH  olt  anO 
olber  prodactai  Jlboot  40,000  ore  CaIms  aiuiuAlly  In  tli«  Indian  Oc««o  and  the 
ooKtigaotu  RM.  la  Uie  North  Sea  eod  Um  Arotio  Ooeui  Uigo  numhon  aro 
midiwUt  cttoglib.  ftoe  Vkhk.  Waorenlaikm — a  woofc  of  gnat  aeooxa^f  ml 
value  \]japKig,  1870),  article  JiaJUch. 


206 


UEaTRUCnON   OF   AQTTATrC   ANIMALS. 


aliiinflaiico  uf  fur  animaU  in  the  Banie  waters,  wero  maJc 
known  to  the  occupants  of  those  posts  hy  the  return  of  the 
aiirvivors  of  Boriiig''g  exiK?ditiori,  eo  active  a  cbaae  was  com- 
menced against  t}ic  aiuphibia  of  tliat  re^on,  that,  in  the  courMi 
of  twentj-seven  jcars,  tlic  sea  cow,  dcicribcd  by  Steller  as 
extremely  numerous  in  1741,  is  believeU  to  have  been  com- 
pletely extirpated^  not  a  .tingle  individual  having  been  Been 
&inco  the  yoar  176S.  The  various  tribes  of  seals*  in  the 
Northern  and  Southern  Pacific,  the  walrus  f  and  tlie  sea  otter, 
arc  already  so  reduced  in  uuinbeM  that  they  seem  destined  soon 
to  follow  tlie  sea  cow,  unle»8  protetted  by  legislation  strin^nt 
enough,  and  a  police  energetic  euougb^  to  repress  the  ardent 
cupidity  of  their  pureuers. 

Tlie  seals,  the  otter  tribe,  and  many  other  ainplilbia  which 
feed  almost  exclusively  upon  tjsh,  are  extremely  voracious,  and 
of  course  their  destruction  or  Dumerical  reduction  must  have 
favored  tlio  multipliuatiun  of  the  8|>ecie9  of  fish  principally 
preyed  upon  by  them.  I  have  been  assured  by  Iho  keeper  of 
several  yonng  seals  that,  if  supplied  at  fit^picnt  intervals,  each 
se^l  would  devour  not  le8S  tlian  fourteen  pounds  of  ii»ih,  or 
about  a  qnarter  of  his  own  weight,  in  a  day.  A  very  iutoUi- 
gent  and  observing  himter,  who  has  passed  a  great  (lart  of  in* 
life  in  tlie  forest,  after  carofully  watching  the  habits  of  tJte 
fresh-water  otter  of  the  North  American  States,  estimates  their 
consumption  of  fisli  at  about  four  pounds  per  day. 

Man  has  promoted  the  nintri]>lication  of  tiKh  by  making  war 

*  The  most  valiublo  vadet?  ot  for  bmI.  fooatrlj  abnadaot  in  oil  oohl  bU- 
tndw,  i*  stated  to  hkV «  been  completel;  cxtenniiiat«d  in  the  Soatbem  betoi* 
■phero,  and  to  be  now  found  odIj  on  one  or  two  nuoll  L»liind«  of  U)«  Aleatlu 
gronp.  In  1807  man  IhAU  700,000  MftI  Bldna  wera  imporled  into  Grml 
Britain,  nnd  at  least  600,000  nab  ue  eatiraneed  to  hwn  been  Otktm  in  1B70. 
Hium  tuunbcn  do  not  indnde  tbe  wak  killed  by  the  EKinimaox  and  other 
mde  feribea. 

f  In  1968,  a  ttw  Amoriaui  ships  engagod  in  tho  North  Padfio  whale  tUbftrx 
tonwd  tbeiratttntiun  to  the  walnw,  and  took  ftomSOO  to  OOOenrh.  In  ]es60 
otbcr  whalen  engikged  in  the  aamc  putmit,  and  in  l(f70  the  Amciican  fleet 
b  behoved  to  ban)  deatfoj-rd  not  lew  than  liftx  thonmnd  of  thcdo  uuraabi. 
Thvj  peld  about  twentj  gallon*  of  oQ  and  loor  or  fire  poond*  of  iro<7  Aaeh. 
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on  Uicir  l>nite  encmits,  but  lie  has  by  no  means  tlicrcby  coin- 
[>oosate(I  his  own  greater  dcfitructlveiicsa.*  The  bii"<i  aiid  biiast 
of  prev,  whetlicr  on  land  or  in  tho  wntcr,  limit  only  as  loti^  ns 
tliey  feci  tlie  stiniulnK  of  hniiger,  their  ravages  are  limited  by 
the  detiianda  of  present  appetite,  and  they  do  not  wostefully 
dcstjTty  what  they  cannot  couaumo.  Mau,  on  tlie  contrary, 
anj^lcB  to-day  tliat  he  may  dliio  tomorrow  ;  ho  takes  and  dries 
millions  of  fish  on  tho  banks  of  Newfoundland  aud  tlio  coast  of 
Korway,  that  the  fer\ent  Catholic  of  the  shores  of  the  Mediter- 
ranean may  have  wherewithal  to  satisfy  tlie  craving;*  of  the 
stomach  during  next  ycai-'e  Lent,  without  violating  the  disci- 
pline of  tho  papal  church  ;+  and  all  the  aiTangeniouts  of  hia 
fiaberics  are  so  organized  as  to  iiivolvo  the  destruction  of  many 

*XoOQxdiDg  to  ILirtwii;,  the  tJiiited  Proviacea  of  IloUwid  luu},  Id  1818, 
thna  thooaauil  hcmnf,'  buraea,  and  mno  tbotuumJ  rasctis  eoKagod  iu  tbu  taaut- 
port  of  iheav  ftKh  to  luatket.  The  whole  nambcr  of  ponotu  employod  in  the 
Dutch  h«miif;  tuthety  wns  ooiupatorl  at  :MXI,O00. 

Is  the  kner  p&rt  of  tlie  si|rhtoc&th  ocnlury.  thix  fi!4hr>i7  wuh  nnnt  ttuocem- 
tuMy  proMCctit«d  bj  ihe  Swedes,  u»l  in  ITHl,  the  tawii  uf  tioitonbui^  itlcma 
«xport«d  13G,(*49  burdi,  «acb  coutaining  1,200  bcrringB,  making  a  totnl  o( 
■boat  104,000,000  (  but  to  rapid  waa  the  esba.astioa  ot  tliu  Osli,  from  this  kesn 
pnnnit,  tbat  in  1709  it  wu  found  neoeuary  to  prohibit  the  cxportatioa  of 
them  mtCog«ther — Dtt*  t^ga  dM  J/iv-ru,  p.  183. 

la  189S,  the  Brttinh  O^LeriM  [iroOuoad  ilOO.OOO  barxeU,  or  almost  enough  to 
npp^  a  fish  to  arerj  human  inhsbilAut  of  the  globe. 

Oa  the  shores  of  Long  Ijilaiid  Sound,  the  wlut4  fish,  a  species  of  herring  too 
tion7  to  be  oasiljr  oaten,  ia  nsod  as  ouinare  in  •s*nj  gt«nt  qusntitim.  T«a 
thoossnd  are  cmplojed  as  a  drecsing  for  an  acrs,  and  a  aonglc  net  has  some- 
times  taken  SOO.UOO  in  a  da;.— Dwigut'h  Travelit,  u..  pp.  OIS,  515. 

Ths  IioadoQ  T'tflMfof  May  U,  ItiTS,  inlomu  ua  that  I.IOO  tons  of  macheitd 
irtiinnlrl  to  weigh  cue  pound  each  lutd  leoentljr  been  taken  iu  a  tingle  night 
sk  a  fishing  station  on  the  Btitixh  co«uit. 

About  toa  taUUoil  eals  are  sold  anaaally  ia  BiUingignte  market,  but  vastly 
greater  oumben  of  the  yooi^fry,  when  but  thren  or  fuiir  int^i'-s  long,  ore 
taksD.  8o  abuudaut  arc  thuy  at  the  niooths  of  tnAuy  French  and  l-ngliab 
zfran,  that  thojr  an  carritsd  into  the  coontiy  bj  oart-Ioads,  aud  not  only 
eotea,  bat  given  to  svrine  or  n»ed  as  mannr«. 

f  The  fiahoiica  of  Sicily  aluoe  oro  said  to  yield  30,000  tons  of  tnnny  a  ymr. 
The  tnnny  ia  principally  oonmunod  in  Italy  daring  Lest,  and  a  Iar>;o  propor- 
tioB  of  the  twenty  millioaa  of  codfish  takun  auuoally  at  the  Lofoden  liahw/ 
OB  ths  eout  of  >*orw»y  is  exported  to  the  Mvdilvrranean. 
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more  fiish  Lban  arc  secured  for  hutuau  use,  and  the  loss  of  a 
large  proportion  of  thw  amiiial  harvest  of  the  sea  in  the  process 
of  ciLi-iiig,  or  in  traii&jwrtatiou  to  tlie  plai:es  of  its  cousiimptioa.* 
Fii^h  aro  moro  affected  than  qaadrupcds  by  eliglit  and  even 
imperceptible  differences  in  tJioir  breeding  places  and  fetsding 
gruundH.  Evorj-  river,  every  brook,  every  lake  stam^ie  a  special 
character  upon  its  Ealmoii,  its  ahad,  and  its  trout,  wliich  is  at 
once  recognized  by  those  who  deal  in  or  consume  thcni.  No 
skill  can  give  the  fish  fattened  by  fwd  selected  and  prepared 
by  man  the  ftavor  of  those  which  are  nourished  at  the  tjible  of 
nature,  and  the  Irout  of  the  artificial  ponds  in  Germany  and 
Swit7.erland  are  so  inferior  to  the  bi-ook-fiih  oi  the  s^no  species 
and  chmate,  that  it  is  hard  to  bclievti  them  identical.  The 
superior  Bapidity  of  the  American  trout  and  other  freah-wator 
fishes  1(1  tlio  most  nearly  ct>rrcspondiiig  Eniv>{Kan  species,  which 
is  familiar  to  every  one  acquainted  with  l»oth  continents,  is 
probably  dae  less  to  i^pedtic  difference  than  to  the  fact  that, 
even  in  the  parts  of  the  Xew  World  wliich  have  been  longest 
cnltivatod,  wild  nature  is  not  yet  tamed  down  tu  tlie  cliaraeter 
it  ha.s  assumed  in  the  Old,  and  which  it  will  acijuire  in  AmeHcA 
aUo  when  her  civilization  shall  be  as  ancient  as  is  now  that  of 
Emvpe.t 

*  Aooordiii(  to  BcrtlMlot,  io  tbo  Gulf  of  Lyvaa,  botweBO  HntBetUes  and  tba 
aaAtornmott  tpor  of  th«  PjreaeM,  nboat  5,000,000  nnall  fttifa  are  taken  nn- 
BiuUI>  viib  Uw  dnc-nst,  ami  not  leaa  than  twive  aa  manjr  more,  oot  to  apeak 
of  iiptiwn,  an  deatrojad  by  ihe  aw  of  this  net. 

Beturean  IWl  and  1865  FnuicM)  importad  (rgm  Norwajr,  for  lua  as  bait  la 
tbo  mdfna  fiabctr,  ood-roaa  to  the  tuIoo  of  three  tnilHoa  taauM. — Ccm, 
JBgmt  Ml  Ommmtm  in  bW  Prvdueti  of  tht  S*a,  1673,  p.  SS. 

Tke  moNt  rooUaai  wK»t«  of  o/iutitio  life  t  r«inmober  to  hare  eeen  coMoed.  If 
«*  esoepl  the  dcelmctiou  of  beirinif  aDd  other  lUi  with  vpawn.  ii  that  of  tba 
«g^  of  tJie  tuitlo  in  the  Amaaon  for  the  nke  of  bbe  oil  extnuHoiI  from  tliem. 
Bacea  eathoatea  tlie  »sg«  thu  aiUMiallyerifloed  at  48,000,000.— .VaMroUrf  m 
lk»  jimaam,  3d  edition,  \%M,  p.  SSO. 

t  It  bi  poaiible  ttiat  time  ma/  modlfr  the  faaUta  of  the  freib-water  Aah  of 
the  Nortii  Amerioaa  Statoa,  and  aooomntodata  them  to  the  new  phyidaal  ooo* 
tUUona  of  their  naUve  waten.  Hence  ft  raa;  Im  b<^>ed  that  oatore,  ereo  no- 
aUtd  bj  art,  will  do  tomnthlny  hiwafdii  reatoring;  the  aneleiit  pleo^  of  oar 
lahM  and  ri? en.     The  deoreaee  of  onr  f  reah-water  flab  canoot  be  aeotibcd 
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Mfiu  I1B8  hitherto  hardly  aiiyivherc  produced  such  climfttio 
or  ntlier  cliangca  as  would  fiiiffiw  of  tliPinaelvr*  totally  to  banish 
tho  wiUl  inhabitants  nf  tlin  dry  Intid,  and  tlin  dimp[M-ai'anoe  of 
the  nativo  1>ir<)H  and  qiiadni|X}dB  from  partiriiliir  louatitiefl  is  to 
be  Bsoribed  quite  as  inneh  to  his  direct  peraocutiuna  aa  to  thu 
want  of  forest  shelter,  of  appropriate  food,  or  of  other  condi- 
tions iiidifipGnMihlo  to  their  exii^teni».  Rut  altnofltall  tlio  pn) 
ceasM  of  agriculture,  and  of  mechanical  and  chemical  indiit^try, 
are  fatally  destructive  to  aquatic  aniinala  within  reach  of  their 
iiifluciice.  AVlicii,  in  eonficqueuce  of  cleariujf  tho  woods,  the 
changes  iilrcndy  described  as  tiieroby  produced  in  the  beds  and 
current*  of  rivens  are  in  pi-oj^cM,  the  spawning  j^jnndH  of  fieh 
are  expoeed  from  year  to  year  to  a  euccession  of  mechanical  dis- 
tiirbanecB;  the  temperature  of  the  water  is  higher  in  smnmer, 
colder  in  wint<.'r,  than  when  it  was  shaded  and  protected  by 
wood  ;  the  smaller  rrganianjs,  which  formed  the  euetennnee  of 
the  yoimg  fry,  dUfippear  or  arc  i-ednced  in  nnmbers,  and  new 
enemies  are  added  to  the  old  foe«  (hat  preyed  ii}k>u  them  ;  the 
incTQftsed  tarbidneaa  of  the  water  in  tho  annual  inundations 
ohokes  tho  fieh;  and,  finally,  the  qtiickcncd  vclo<.-ity  of  ite 
current  sweeps  tliem  down  into  tho  larger  rivers  or  into  tho 
sea,  before  they  aj-e  yet  stivng  enough  to  snpjwrt  so  great  a 
change  of  circuTDstanccs.*     Industrial  oporaiioua  are  not  less 


•lone  ta  pxlianstioii  by  flxhiog-,  for  In  th«  wal«n  of  the  rall^  mnd  flwika  of 
the  AlpH,  wbtfih  bATe  been  iuhobltod  nnd  fixhad  t«n  timm  bn  loog  bjr  a  ilenmr 
popnlfttltn,  fi.«h  u«  BtQl  wery  kbondAnt,  And  thny  thr1r«  and  moltJplT  ondttr 
«llogii«t>nce«  wh«n  no  Amerioan  spedM  oooJd  lire  at  nlL  On  tho  nunllieni 
rfops  of  these  inoantabu,  tront  nre  caa^bt  in  great  numh^n,  in  tbe  nrift 
rtnUM  «U<^  nifth  from  tbe  gUciiira,  ami  «b«re  Clio  watnr  in  at  icjr  uiIOdcm, 
and  M>  tarbid  witli  particles  of  Bne-pronnil  rock,  that  jon  cannot  ae«  an  inch 
b«1ow  th«  Bttrfaoe.  Tho  g-laoier  atieauui  of  SwiUeilaud,  however,  ar«  low 
abitnilBnt  tn  ttab, 

'  A  fact  mentioDod  hy  9chnb«rt — and  which  in  ite  oaoMo  attd  nanj  of  Its 
nsalla  ntrTTMpondfl  almost  precincly  with  Utoau  cotmoctcJ  with  thm  — oapo  t}t 
BortOD  Pond  in  Tennont,  »o  w«l)  known  to  geological  vtadcnti* — la  Impoiluit, 
as  ahowing  that  Lho  diminutiun  of  Lhu  fish  in  rivvn  «X[miimi  to  Inundatioaa  U 
i^lafl]'  to  bo  a«crib«d  to  tho  mocfaanioal  action  of  tho  concot,  and  noi  mahUy, 
■■  aonia  haTO  mpposed,  to  obsogM  of  tompcratuxo  oooaaiooed  by  dealing. 
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<le8tnicti\'e  to  fifth  which  live  or  Bpawn  in  frosh  water.  Mill- 
dams  impede  thetr  i)ii|^ratioix6,  if  tlie;^'  do  not  absolutely  prevent 
tbcm,  the  sawdust  frtun  hiinbcr  im\U  clo^  their  ^ilU,  and  the 
llnmsand  deleterious  niinoral  siihstftiiuos,  disuliargcd  into  rivcra 
from  metallui^ical,  chemical,  and  niantifavturing  c-etabliith- 
inents,  j>oiBon  thesn  !>y  sh^jaU.* 

We  have  little  evidence  that  any  fish  employed  a&  human 
food  has  natnmlly  multipUed  in  modern  times^  wliile  all  tlie 
more  valimble  tribes  liave  Uvvn  immensely  rinliiccd  in  numberei. 
This  rcdui-tion  muiit  Irnve  afTected  the  more  Toraeions  ttpeeiefl 
uot  nsed  an  food  by  man,  and  accordingly  the  shark,  and  other 
fish  of  similar  habits,  even  when  nut  ubje<.-tti  of  eyslt'inatic 
pumnit,  Bro  now  cumjwuntivcly  rare  in  many  waters  Vl'ero 
thoy  formerly  abounded.  The  result  is,  that  man  Iiaa  greatly 
retlut!od  thu  nnnibers  of  all  lar^r  marine  animals,  and  conse- 
quently indirectly  favored  the  multiplication  of  ihe  sroallor 
aquatic  organisms  whicii  entered  into  their  nutrinicnl.  This 
chaii^  in  the  relations  of  the  organic  and  inorganic  matter  of 
the  sea  must  have  exercised  an  influence  on  the  latter.  AVliat 
tliat  inflneuco  has  been  we  cannot  say,  still  less  can  we  prodiut 
what  it  will  be  hei-eafter;  but  its  action  is  not  for  that  rcwon 
the  less  eertain.f 

Our  anUior  itatM  that,  io  ITOQ,  n  t«rriblc  InaniUcicm  wm  produced  in  tiie 
Indaliteir.  wbidi  rises  In  the  Storajo  iu  Jointload,  bj  dnwing  off  into  it  tbs 
wiit«n  of  nnotber  Lake  near  lU^nda.  Th«  flood  dcstrojod  hooaea  and  Gelds ; 
uttoh  etuth  wua  awfipt  into  iho  channul.  and  the  vsbar  mada  turUid  wad 
nraddj ;  tho  aalmon  and  tho  Mmallnr  Anh  tanaok  the  rfv«r  Ah<ig«rtli«r,  aM 
nerer  nitiinied.  Tha  banks  of  tha  rivor  bars  aevar  icgaiood  their  fonnar 
aoLiditT-,  and  poTtionaof  their  toll  arc  (till  contlnnall;  falling  into  the  vnlar  and 
dnrtrojiug  ita  yniit^.-'&aa gtrton  BtMrjf*,  il,  p.  &1. 

*  The  mineral  water  dladuuged  from  a  colUerj*  cm  the  rivcT  Docm  In  Seofr- 
land  diK-(iI<>T>Hl  the  stooaa  in  the  bed  of  the  rirer,  aod  Idlled  the  Bab  far 
l«ciit.y  ntika  beloir. 

Tbe  fiab  of  tha  etxeanu  in  whiah  hemp  U  R)&c«mt«']  iu  Itnlj'  are  oft«n  pel- 
inned  lay  the  Jnlcva  tl-.ni  vztraAtM  from  the  plant— Dorhtka.  S/nmaHe 
(tr'-ia  Uoria  iMT  AlftvtiM^  pp.  Oi,  05. 

-f  Amvnff  the  uDCKpMtvd  reaultK  of  human  action,  the  destniotton  or  nnilti* 
plkstioii  wf  flab,  aa  w«U  as  of  utbei  aaiuuUs,  ia  ■  net  anb«4uent  ocommuM, 
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OeoffrapAiiial  Tht^rtatice  of  Bird*. 

TViId  birds  form  of  themselves  a  verj'  coDBpicuons  and  inter- 
eating  feature  in  the  fta^agf^  as  painters  call  it,  of  the  natural 
'^landscape,  ntid  they  are  important  elements  in  the  view  we  are 
taking  of  geography,  whether  we  consider  their  immediate  or 
their  incidental  intlnent*.  Uirda  aflfect  vegetation  directly  hy 
(owing  Bee<]s  and  by  consumirg  them  ;  they  affect  it  indirectly 
by  destroying  iiieects  injnrioua,  or,  in  some  cases,  beneficial  to 
Tepetahle  life.  Ilence,  when  we  kill  n  seed-sow^ing  bird,  we 
checTc  the  dissemination  of  a  plant ;  wlien  we  kill  a  binl  which 
digests  the  roed  it  swallows,  we  promote  the  increase  of  a  vego- 
table.  Nature  protects  the  eeeds  of  wild,  mnch  more  effectually 
than  those  of  domesticated  plants.  The  cereal  grains  are  com- 
pletely digested  when  consumed  by  birds,  but  the  gcnn  of  the 
BUialler  slone  fruits  and  of  very  many  other  wild  vegetables  is 
nuinjiired,  perhaps  even  stinmlaled  to  more  vigoi-ous  giowlh, 
bv  the  natural  chemistry  of  the  bird's  stomach.  The  power  of 
fliij^ht  and  the  restlese  habits  of  the  bird  enable  it  to  transport 
heavy  seeds  to  far  greater  distances  than  they  could  be  carried 
by  the  wind.  A  swift-winged  bird  may  drop  cherry  stones  a 
thonsatid  milcB  fmm  the  troo  they  grow  on  ;  a  hawk,  in  tearing 

;  WiUianiH,  in  hut  HiOAry  of  Vermont,  l.  p.  149,  records  mch  *  oaao  of  tbe  in- 

ttasM  of  trooL     la  a  poul  frtrror'd  lij  dAmming  •  na&ll  atKAtn  to  obtain 

wmlw  power  tor  a  sawrinill,  u>d  oovciing'  ooo  thoosaad  Bcrcs  cf  piimltlve 

lotevt,  lh«  iocrcftMd  anpfilj  of  food  broaght  within  reach  of  the  fixb  multi- 

|,'j4iad  Uwra  to  th&l  dogm,  that,  at  the  h«wl  of  tbo  pond,  vrhere,  in  tlie  spring, 

'  tbqr  en>ird«cl  UVlbur  in  the  brook  which  mppUed  it,  ther  were  taken  bj  th« 

!  iMods  lib  plownra,  uxl  ewiao  caught  Ibtiui  witbout  diStoultj.     A  ititigle  Biraep 

xA  B  amnll  soonpnvt  wo>ald  briiip  np  h.ilf  n  bntfael,  oarts  were  filled  with  tham 

«■  Cart  a«  if  picked  up  on  di;  Und,  and  in  th«  fiahing  season  they  wpto  com- 

Ruioljr  raid  at  a  shilling  (vightpenco  hnlfx>0Tinj,  or  abnnt  seventeen  cento) 

a  btiaheL     The  InctvaM  in  the  aiio  of  tho  trout  waa  bd  nnariuble  aa  tba 

mnltiplioatioa  of  their  nomben. 

Tlie  conatmction  of  dam*  and  mQls  is  dcstniottTe  (o  manj  fiah,  but  op«nt«i 
w  a  protecUoQ  to  iheir  pnj .  The  nulla  on  Coiuieatioab  BiveT  grenUj  djmio' 
lahnl  tbe  nnmbcr  of  the  salmon,  bt^t  tho  striped  ban,  <m  which  the  salmon 
faeda,  mnltipUed  in  proportion. —Dit.  DwiuiiT,  Traadt^  yoL  11.,  p.  S:iG. 
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a  pigeon,  mar  Ecatter  from  iu  crop  the  edll  fre^  rice  it  hnd 
swallowed  at  a  distance  of  ten  degrees  of  ladtude,  and  llius  tko 
occurrence  of  isolated  plants  m  sitnatiaos  where  their  presence 
cannot  otherwise  well  bo  explained,  ia  c:asilj  acconnted  for.* 
There  is  a  large  class  of  seeds  apparently'  specially  fitted  hy 
natnrc  for  diMenrinatioo  by  auimaU.  I  refer  to  those  which 
attach  themselves,  by  means  of  hooks^  or  by  riacons  jnices,  to 
the  coats  of  quadrupeds  and  the  feathers  of  birds,  and  are  thus 
transported  wherever  their  living  vehicles  may  chance  ti)  wan- 
der. Some  birds,  too,  delitteratcly  bnry  seed^  in  die  earth,  or  in 
boles  cxcarated  by  them  in  tlie  bark  of  trec«,  not  indeed  with 
a  foresight  aiming  directly  at  the  propagation  of  the  plant,  but 
£nnn  apparently  purpoeelesa  eccretiveuess,  or  as  a  mode  of  pro- 
■erring  food  for  future  use. 

Tho  tame  fowls  play  a  much  less  conspicuous  part  in  rural 
life  than  the  quadrupeds,  and,  in  their  relations  to  the  economy 
of  nature,  they  are  of  very  much  leas  moment  than  fonr-footcd 
animalH,  or  than  tlio  undonitsticatcd  birds.  The  donieatie  tur- 
key f  is  protiably  nmre  numerous  in  the  territory  of  the  United 
States  than  tho  wild  bird  of  the  game  Epccios  ever  waft,  and  tho 
grouse  cannot,  at  the  period  of  their  greatest  abundance,  liavc 
counted  as  many  as  we  now  nnml>cr  uf  the  comtnuii  hen.  The 
dove,  however,  mnst  fall  greatly  short  of  the  wild  pigeon  in 
multitude,  and  it  is  hardly  prolmblo  that  the  flocks  uf  dumGStic 
ffeese  and  dtioIcA  are  as  nnincroun  as  onco  were  thoA6  of  their 
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•  Plgeooi  wflM  rtiot  aeu-  AlbMiy.  in  New  Tork,  n  few  yvtm  ago,  wilh  ^tmo 
iloB  In  thai r  ercp|i<^  which  It  wu  thought  sutBt  hare  been  growing,  a  Yvr;  few 
boon  bfifom,  nC  thit  dUtotuM  of  Mren  or  eight  hundred  inD«a.  The  etr»ru  of 
the  Doteh  to  oonflne  the  onltitfttloti  of  the  notmvg  to  the  ioluid  of  BfliidB  u« 
■kid  to  have  b«cD  d«feat«d  bf  tho  birds,  which  tnmaported  this  heavy  fnUt  U 
otiur  ialwiul«. 

f  The  wild  tnHi«7  Ukea  r«odilj  to  the  water,  and  u  able  to  araaa  riven  of 
verj  eonaldenhle  wiilth  lir  Rwimming.  B;  way  of  giving  nra  an  idea  of  the 
fanner  atronduico  uf  thiji  bird,  an  old  aad  highly  teipe^fahle  gvaUfinaa  «ho 
WM  among  the  rarl/  whitt  Ai-tUen  of  the  Wert,  totd  ma  th^l  h«  onoe  oooDtedt 
In  walking  down  tho  Dortbcini  bank  ot  the  Ohio  River,  within  a  diatanoe  of 
fonr  tmlM,  vighly-fmir  btrkt^ya  an  tii<>7  landed  aingiy,  oc  at  inoab  in  piJU,  aflac 
■wimtning  vm  from  the  Kentockf  M* 


iNTAODrcnos  of  bikdb. 


lis 


I 


trild  congeners.  Tlie  pigeon,  indeed,  sceme  to  have  multiplied 
immcn^lr,  for  flome  years  after  tlie  first  clearings  in  the  woods, 
because  tbo  iM^ttlcrs  warred  iinbipariii<;ly  iipou  the  hawk,  while 
the  crops  vi  j^iu  auU  otlier  vegetable  growths  increased  tha 
Bupplj  of  food  within  the  reacli  of  the  j'oniig  birds,  at  the  ago 
when  tlicir  jKiwer  of  flight  is  not  yet  great  eimiigh  to  eiiablo 
them  to  seek  it  over  a  wide  area.*  Tiie  pigeon  is  not  describod 
by  the  earliest  white  iiihabitanta  of  the  American  States  as 
filling  the  air  with  such  clouds  of  winged  life  ae  astonished 
naturalists  in  the  descriptiuim  of  Aiidiilx.in,  and,  at  the  present 
dajf  the  net  and  the  gun  have  so  reduced  its  abundance,  that  its 
appearance  in  large  iiumbei-s  is  reeortled  only  at  king  intervals, 
and  it  is  never  seen  in  the  great  Hocks  rememburud  by  many 
Btill  living  observers  as  formerly  very  common. 

Introduction  of  Birds. 

3Ean  has  tmdesignedly  introduced  into  new  districts  perhaps 
fewer  speciea  of  birds  than  of  quadrupeds  ;f  but  the  distribu- 
tion of  birds  is  very  mneh  inAueneed  by  the  character  of  his 

*  The  wood-piffcou,  iw  well  m  the  domiwUc  dore,  hu  \msn  obsenred  to  in- 
mmmm  in  Dnraben  in  Eoropo  obo,  wlien  pAiiu  haro  booo  takes  to  exterminate 
(Im  bkirk.  Thff  Amorian  pigAOOi,  which  mi^mtod  In  flooks  bo  ntimeroafl  thAt 
thcjr  irerc  wbolo  daj-s  in  paj«in([  a  ginn  pomt,  woro  no  doabt  iujorious  to  the 
giabi,  hat  piob«ljly  lem  so  than  ts  generally  HUppiMcd;  for  they  did  not  confine 
UHinadTM  «solaBin>]T  to  th«  liarT««Ui  for  their  DOnruihment. 

I  Tbftfinit  montion  Ihnve  fannd  of  the  natnmItx«tion  of  n  vrild  bird  in  mod- 
am  Eniope  ia  in  the  Mmayiarta,  \xA.  lii.,  p.  174,  edition  of  17IG,  wher«  it  i» 
■talod  that  Bonfi,  King  of  SioUy  aud  Duka  of  Aujoa,  who  died  in  14S0,  intro- 
dttoed  tb«  nd-l«gg«d  putrUIgs  into  the  Ititter  country.  Attempta  huvo  been 
made,  aod  I  believo  with  tmooe«H,  to  nnturuliz^  the  EnroiKjon  Lu-k  on  l^ong 
IiUnd,  and  tb*  BogUah  sparrow  hu  been  IntrodQoed  into  vadoaa  parte  of  tha 
Ifovtban  AtatM,  wbue  ho  to  mwhU  hy  diatroyioc  noxiooB  Insects  and  wonna 
DOi  preyed  upon  by  natlre  Midi. 

The  hamming  l>tnl  haa  realntedaUeffortAtoaoollmftte  him  In  Europe,  thou^ 
they  hare  not  onfrc^aently  BarrlTe^l  the  paaaage  aoroa  the  ocean. 

In  SwitEUTlnnd  and  Mine  other  |<>art8  of  Buzope  th«  multiplioadon  of  inseo- 
ttroiaaa  Mida  b  eoooatafod  by  baUdia;  ceata  £or  them,  and  it  in  nUeired  that 
iMlh  fmit  and  fonmi  treM  hava  been  enontitlly  benefited  by  tha  protection 
thu  afforded  them. 
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Iiidnalrv,  And  the  transplantation  of  every  object  of  agrimiltural 
production  in,  at  a  longer  or  shorler  interval^  followed  bv  tliut 
of  the  birds  which  feed  npon  its  seeds,  or  more  fretinetitly 
upon  tlic  insects  it  harbora.  The  vnltiiro,  the  crow,  and  other 
winged  acavengere,  folluur  t!ie  march  of  annies  as  rcgularlv  as 
the  wolf.  Birds  aeoorapany  ttbips  on  long'  ^-oyagos,  for  tbe»ake 
of  the  offal  which  is  thrown  overboard,  and,  in  bucIi  caaes,  it 
might  often  happen  that  tber  would  breed  and  become  natn- 
ralijced  in  conntriea  where  they  haiJ  tjcen  unknown  before.* 
TJierc  18  a  familiar  slory  of  an  English  bird  which  bnilt  its  nest 
in  an  iinuscd  block  in  the  rigging  of  a  f;liip,  and  niaile  one  or 
two  sliort  voyage*  with  the  veascl  while  hat»:hirig  its  eggs.  Ilnd 
the  young  become  fledged  while  lying  in  a  foreign  harlmr,  they 
would  of  course  have  claimed  Che  rights  of  citizeudhip  iu  tbd 
country  where  they  Ibvt  took  to  tlie  wiug.-f' 

*  OtUb  hoTor  kbont  ahipa  in  port,  uwi  ofton  tmr  oat  at  Mft,  dJUgvntl^  wntoh- 
top  for  Um  wa«t«  of  tbe  c*t>(Xwe.  While  Ui«  foar  gnr«at  fleeto,  Otgliah,  French, 
Taririnh,  and  Bgj'ptJui,  irare lytn^  in tk«  Botrphonui.  inthommmvriuidiintaEaiv 
Ol  18B8,  a  jouBn  lodj  of  1117  buiiiljr  csUed  my  AtUiutiua  to  tbt  fiict  that  Uui  goOm 
were  tar  mora  ntDnennu  tbont  the  nhtpn  of  one  of  the  flncta  than  aboat  cb« 
Othen.  TUa  vaa  verified  fay  repeated  otmerTaUos,  and  tbe  differenoa  waa 
owlnir  no  doabt  to  Uie  greater  nfaandaneA  of  the  rsfoK  from  tbe  oookrooma 
of  the  navml  eqaadroa  taoat  frequented  bjr  the  birda.  P<.-nit<iiui  av^uaiutcd  with 
the  Boatimaj  of  tbe  naTies  of  the  ntnttm  In  qaestlnn,  wHI  t>o  able  to  oonjectnro 
which  flset  wM  moat  favored  with  thmte  deliuato  atteutiuu&  The  Amcricaa 
gull  follovB  tbe  st«am«ri  op  tlie  Hisdaaippl,  and  has  been  abot  1,1!Q0  miles 
from  the  aea. 

f  Birda  do  not  often  Tolmftarilj  take  paaMge  on  board  ahlpa  bovnd  fot 
fbniga  conntrfM.  but  I  oaa  Uttily  to  otto  aacb  c<iao.  A  atork,  wbJi^  had 
nested  near  one  of  thfl  pabujea  on  the  Boai^onu,  had,  by  aome  aoddent,  Injored 
•  wiUfT.  and  was  nnaUc  to  join  bia  fcUowa  when  thercommeueod  their  whiter 
misYation  to  tbe  hanka  nf  the  Nile.  Ttcfore  lie  vwi  ahlfl  to  flj  a^ain,  he  waa 
caoshl,  and  the  fla^  of  tbe  nation  to  whioh  the  palaoo  beloniftd  wb«  tied  to  his 
leg,  ao  that  he  waa  eiiMUy  UlnitiflcA  nt  a  oornddorable  dbiatuw.  As  Ua  wfng 
fT«w  atrooirsr,  he  made  aeronil  nnKatiafnctoij  exparimenta  at  flig'ht,  and  at 
last,  by  a  rignrfHui  effort,  imonpexled  in  reAobing  a  poMing  >hip  boond  aooth* 
ward,  and  p«reb«d  himaetf  on  a  topaail-yoid.  I  hiippcned  to  tritooaa  thia  move* 
stent,  and  ofaeerrsd  hJn  qnietly  malntalntntf  hia  jKiaftlon  aa  lonf  aa  I  conld 
JUaoom  Um  with  a  apy-flaat.  I  aappoaod  bd  fiuuhed  the  royaga,  for  ha  oar- 
tain^  did  not  letnm  to  the  palace. 
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An  TinfoitnnatG  nopiilar  error  greatly  tnaf^iifiee  tUe  iujury 
done  to  Uio  crops  of  gram  and  legumiuoas  vegetables  by  wild 
>  birds.     Vciy  many  of  tJuwc  genorally  6iippo8e<i  to  consume 
"large  qnantiticfi  of  tlio  seeds  of  cnltivateci  plants  really  feed 
almost  exclnfiivcly  upon  inaeets,  and  frequent  tlie  \rlieatfiel(ls, 
mrt  for  the  sake  of  the  graia,  but  for  the  eggs,  larva.',  aud  % 
gf  llie  niiiltiplied  ti-ilxs  of  inseut  life  which  are  bo  destructive 
to  the  harveeta.    This  fact  has  been  so  well  established  by  the 
examination  of  tiio  Btomaeha  of  great  numbers  of  birds  in 
Europe  and  the  United  Statcf",  at  difEereut  seasons  of  the  year, 
that  it  is  no  longer  open  to  doubt,  and  it  ap^x-'anj  highly  prob- 
able that  even   the  sjiccies  whicli  (xmsuiiic  more  or  Icsa  grain 
p^nerally  make  amends  by  defitmyhig  insects  whoso  ravages 
'Would  have  been  still  more  injurious.*    On  this  Bubject,  we 

*Xtmi  the  oommon  crow  iuut  found  apologistH,  wul  it  baa  been  aaMrtod  th»t 
be  l*y»  tnr  thft  Indlui  oom  be  ooosDinea  bj  dcBtrojiDg  Uie  wonoH  and  larvn 
'irfiicb  infeit  tl»t  pbmt. 

PrcfMaor  Treadwell,  oS  HaasaohnsettB,  found  tbut  a  half -j^rowo  American 
IDbiB  lo  oOD&ntmttnt  iit«  ia  ona  daj  uxtjr-cight  vromiB,  w«ighuiK  togethur 
BC*rij  «noe  and  ■  half  a»  iiLncb  lut  tJie  bird  liimM'ir,  auil  anuthor  hwl  prc- 
^litmiy  >taiT«d  upou  a  daily  nlluwiuiue  of  ei^ftit  bi  ten  woroLs.  or  about  twoaty 
per  eent.  of  bis  o«m  weight.  Thn  targint  of  theae  aninben  appeared,  ro  f ar  u 
ccrald  b«  jndTod  bj  wntdUo^  panat  blrdn  of  the  tamo  spcciue,  aa  th^r  broogbt 
fond  U>  lhelr;oan(r,  to  bn  muoh  ffrantnr  than  thai  icTi)ipliod  to  them  when  fed 
L  tbt  oast ;  for  the  old  birds  did  not  reitini  orith  worms  or  laMcte  oft«ner  thu 
I  in  ben  mUiutes  on  an  arerofce.  If  we  mippiMe  the  pareutM  to  hunt  for 
twflre  boDti  in  a  day,  and  a  &«ift  to  contain  four  yoon^,  we  sbonld  hare 
ty-two  woniu),  or  ei^titeon  each,  lui  tho  dftily  Aiiiiply  at  Uie  brood.  It  la 
ible  enoufh  that  i>ome  of  the  food  collected  by  the  iwrenta  may  be  mora 
[sotntloaa  than  the  eatthworuui,  and  ooiueqacntly  t)iat  a  iimuilcr  qoantity  Kuf- 
^Aoed  for  the  yoontr  in  tho  uent  than  when  reared  nnder  aitiftclal  cooditlons. 
The  anpply  reqnirfxl  by  growlni;  birda  In  not  the  tncoenre  of  Ibuir  wanta 
er  tb«7  have  arrived  at  matarifcy,  and  ib  ia  not  by  any  means  oertAio  that 
tt  miuoalar  exertion  always  inoieasM  the  demand  for  DOtiriMbmcnt,  eithur 
^In  tiie  lower  animals  or  In  maa.  The  members  of  the  EngltBh  Alpine  Clnb 
I  ant  diaUDguished  for  appetites  which  would  maka  tbetu  unweloomo  Eoefrta 
I  Bana»  laadlordii,  and  I  think  erery  man  who  has  bnd  tho  personal  charge 
Add  or  nUwajr  hands,  must  bars  obaenred  that  tal>or«m  who  Hpore  tbeir 
the  loaafc  are  not  tho  moai  -nUmt  trencher  champions.  Dnrin^f 
fMiod  wbcn  imprisonmeBt  for  debt  was  pemiiU«d  in  New  Bpglsnd,  per- 
I  ocallned  la  oountry  jails  hud  no  specif  &llowa&c«,  and  they  were  oom- 
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have  miicb  olber  evidence  besides  that  derived  from  dJ&section. 
Direct  obserration  has  BhouT,  iii  many  instances,  tJiat  the 
d«8tmt!lioTi  of  wild  biida  has  been  followed  by  a  great  miilti- 
jilication  of  noxioua  insecta.  and,  on  tlio  otlicr  liandj  that  these 
latter  have  been  nmch  reduced  in  numbers  by  ibc  protection 
and  increase  of  the  birds  tiiat  devour  tbenj.  Many  interesting 
facts  of  tiiia  nature  have  been  colletTted  by  pntfesHcd  niitural- 
ists,  but  I  shall  crmtent  myself  with  a  few  taken  from  familiar 
and  £.^neralty  aocceeible  sonrcea.  Tlie  following  extract  is 
from  Michelet,  VOi^eau,  pp.  ICV),  170  : 

"  TIio  9tintpj  fartner~aii  epithet  jtiatly  and  fcclinj^ly  bo- 
stowed  by  Virgil.  Avaririoiis,  blind,  indeed,  who  prtwerilica 
the  birds — those  defttn>ycr8  of  inM^cU,  tlitwe  defeudere  of  his 
lian-eetfl.  Not  a  grain  for  the  creatnre  which,  during  the  rains 
of  winter,  hunts  the  futnre  insect,  finds  ont  the  nests  of  the 
larvte,  examines,  turns  over  every  leaf,  and  destroys,  every 
day,  thousands  of  incipient  eatcrpillara.  But  sacks  of  com  fur 
the  timtnre  insoi-^t,  wlmle  fields  for  the  j;raftshnpj>cr«,  which  the 
bird  would  have  made  war  upon.  "With  eyet*  fixcl  \\\*\x\  his 
furrow^  npon  tlio  present  muinent  only,  without  seeing  and 
witliout  foreseeing,  blind  to  the  great  harmony  which  is  never 
broken  with  impunity,  he  has  Qver}'where  deraiuided  or  ap- 
proved ltt\V9  for  the  extermination  of  that  necessary  ally  of  his 
toil— tlic  insectivorous  bird.  And  the  inficct  has  well  avenged 
the  bii-d.  It  has  become  necessary  to  revoke  in  haste  the  pro- 
scription. In  the  Isle  of  Bonrhon.  for  instance,  a  price  was  set 
on  the  head  of  the  martin ;  it  dieapj»ean?d,  and  tlie  gmssltop- 
pcrs  took  posseesion  of  the  island,  devouring,  withering,  scorch- 
ing with  a  biting  drought  all  that  they  did  not  comumc.  lu 
North  America  it  has  bceji  Iho  same  with  the  starling,  the 
protector  of  Indian  eom.*    Kven  the  sparrow,  which  really 

mooljr  fod  wUlioafc  rtiiit.    I  luvu  oftfo  inqoind  oaaoemiafr  Uielr  diet,  uid 
bssn  HMund  bj  tbe  joilen  tbat  th«fac  priMuen.  wbo  wer«  not  proTi<t«d  with 
wnfc  Of  othei  meana  of  Dxereiso,  coDBamKi  a  conaideistljr  laiigsr  wpiilj  of 
food  thoB  ocamDOo  oat-door  Isboren, 
*  I  bofM  Mldbclal  h.-i«  goofl  aathocilT'  fortlda  Ktateme&t,  but  I  un  tmalile  to 
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does  attack  grain,  but  which  protecte  it  Btill  more,  the  pilferer, 
the  outlaw,  luaded  with  abti8«  and  smitten  wiUi  corses — it  lias 
been  fomid  in  Hungary  that  tliey  were  likely  to  perish  without 
him,  that  he  alone  cuuld  sustain  tliu  luii^hty  war  against  the 
beetles  and  the  thousand  winged  enemies  that  swarm  in  the 
luwland^  ;  tliey  have  revoked  the  decree  of  bauishtneut,  re- 
called  in  haste  this  valiant  militia,  which,  tliuugii  deficient  in 
discipline,  is  nevertlieless  the  salvation  of  the  country.* 

"Xot  long  since,  in  the  neighborhood  of  Rouen  and  in  the 
valley  of  Monvillc,  the  blackbird  was  for  souie  time  proscribed. 
The  beetle*  profited  well  by  this  proscription ;  their  larvro,  in- 
finitely niultipHed,  carried  on  tlieir  subterranean  labors  with 
such  Huucess,  that  a  iniywluw  was  shown  rne,  the  sui-faco  of 
whicli  was  completely  dried  np,  every  herbaceous  i"Oot  was  con- 
sumed, and  the  whole  grassy  mantle,  easily  loosened,  might 
have  been  rr^Ued  up  and  carrier!  nwuy  lilcca  carjiet." 

The  general  luistility  of  tlie  Kuropean  populace  totlie  smaller 
birds  is,  in  part,  the  remute  efFect  of  tlie  reaction  created  by 
the  game  laws.  When  iJio  rettrit-tiuns  inipiicrd  upon  the  chase 
by  tltose  law's  were  suddenly  removed  in  France,  the  whole 
people  at  once  comuicnccda  dcstructivecaiiipaigu  against  every 
species  of  wild  ainmal.  Arthur  Young,  writing  in  Provence, 
on  the  30tb  of  August,  ITi^O,  euod  after  the  National  Assembly 
had  declared  the  chase  free,  tlius  compluins  of  the  annoyance 
he  experienced  from  the  uee  made  by  the  jwasantrj*  of  their 
newly-won  liberty.  "  One  would  thiuk  tliat  every  rusty  fire- 
lo<;k  in  all  Provcjice  wiis  at  work  in  the  indiscriminate  destruo- 
tiuu  of  all  the  birds.     The  wadding  buzzed  by  iny  cars,  or  fell 


"  Apropos  of  the  Eparrow — a  sio|;le  pair  of  whicti,  According  to  HGcbolet, 
p.  SIS,  carrifw  to  the  nest  fcnir  thousand  tmd  thrco  hnndr(>d  cabcipillnn  or 
ooleoptcis  In  «  w««k — 1  find  ia  an  Eu^'lui!)  uewspaper  a  ceporl  of  a  mvutin^  of 
ft  "  Apamrtr  Clab."  stating  that  thv  mfMiiber  who  look  thn  Rnt  prize  luut  dc> 
Btmjrttd  1,4417  of  thwe  birdit  vriUiui  the  year,  and  that  iho  pfowesa  of  th« 
dibor  memtWTx  had  brcnight  the  total  numbur  n[>  to  II, 04'!  bird*,  be<ddea2,5M 
^SB*.  Et«I7  on«  of  tbo  fourtc«D  tlioaaand  hatched  and  unlutch«d  birds, 
lliiw  meriflond  U»  pnvrilo  vanity  and  iKiionuit  ptojtidicc.  would  bave  aav«d  his 
boahf  I  of  whcnt  ttj  i«tijiDg  opoa  Inaecf  that  dettroy  the  grain. 
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into  my  carriage,  five  or  six  times  in  the  course  of  the  Jrv." 
•  •  "The  declaration  of  tiie  AsBemhly  that  every  mau  ia 
free  to  hunt  ou  hie  own  land  *  *  has  tilled  all  Frarn-c  with 
an  intolerable  cloud  of  sj'ortsmen.  *  *  The  dec-la  rat  ion 
apcakfl  of  oomjienBntioiiB  ami  iiidoiiinities  [to  the  g(^i^tu:iirH]y 
but  the  uiigovoniftble  jxipiilmic  takes  advantage  of  the  aliolition 
of  the  game  lawB  and  lauglis  at  tlie  obligation  imposed  by  the 
decree." 

The  contagious  influence  of  the  Froni-h  Ro\x>l«tJOM  tycctt- 
ftioned  the  removal  of  similar  restrictions,  with  ^iuiilar  rueults, 
in  other  countiic*.  The  linbjta  then  formed  liave  Ifecome  here- 
ditary on  the  C^mtinent,  and  thongli  game  laws  Etill  exist  in 
England,  there  ia  little  doubt  that  tlie  bliud  prejudices  of  the 
ignorant  and  half-edticated  cla^c^iu  that  cointtry  against  bircU 
are,  iu  some  degree,  at  least,  duo  to  a  legislation,  whicii,  by 
restriiTttng  tlie  chase  of  game  uurth  killing,  drives  the  uii- 
pnvileged  sportainan  t<j  indemnify  himi^lf  by  slaaghteriug  all 
wild  life  -which  \a  not  reserved  for  the  amnscnicnt  uf  his  bttter*. 
Hence  the  lord  of  the  manor  hnra  hi«  jiartridges  and  his  hare^ 
by  Racrificing  the  bread  of  liis  tenontB,  and  wj  long  aa  the  inem- 
beiis  of  "  Sparrow  Clnbtt "  ar^  forbidden  lo  follovv  higher  gmne, 
they  will  Ruit-IduMy  revenge  tJiemwdves  by  dcblroying  the  bird* 
which  protect  tlieir  whcatfielda. 

On  the  Continent,  and  esiKKually  in  Italy,  tlie  coinparativo 
Bcareity  and  deamess  of  animal  food  canibine  with  tliv  feeling 
I  liave  just  moDtionod  to  elimnlate  still  further  the  destructive 
paBHons  of  the  fowler.  In  the  TuitcHn  pntvince  of  Groefieto, 
oontainingleM  than  2,000  M^uare  mileit,  nearly  300,000  thrtuhM 
and  other  flmall  birds  are  annually  brought  to  tnarkeL* 

*SALTAaKOLT,  JfoHorie ndU MatvmiM  Ttmunt^  p.  14.1.  Tbecounurkhoat 
NaplM  [■  Oiled  wlUi  tUoAn  iamtn  AfMoo  oi  Iwenly  feet  bish,  which  on  a 
■topdtim  pouile  to  tttnagtn,  Vuij  tn  th«  ttetton*  of  lbs  fowl«n  who  wslcb 
from  tham  tho  Oooka  of  amdl  bird*  wd  driv*  Ikem  domt  lute  the  netn  faj 
ihiowtnjt  atonac  oror  them. 

In  Nortbem  mid  C«ntnO  Italy,  oxxt  often  bcm  hillodu  crowned  with  gruTe- 
likc  t>l»utuLu>tui  uf  Ksukll  UvGX,  tnucl)  wembUng  huge  attfora.  TbvM  wr>'»  to 
oollecl.  binLi,  which  an  •atraftptd  la  ncto  tn  great  Diiinben.     Tfauo  idiui* 
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Birds  are  less  hardy  hi  conatUution,  they  posaow  leu  facilitj 
of  Bccommcxlatian,*  aiid  they  are  more  st'vereljr  a£Fucb.'d  by 


tatitMU  an  callctl  rosi%nJ4,  uid  tlic  [i-ikIuc  will  find,  ia  Duidi'B  edldon  ot  Da- 
THBuUi,  n  yerj  pleaMmt  iIeiR:r!pU<ni  nf  a  rngtinja^  though  its  anthorahip  \b  not 
now  ••crib«d  Co  that  emineut  M-riter. 

TlMiiadi  baa  ooUeoted  in  fau  little  work,  Utlrr  dis  LaMdutirtKuAafUiekt  B&- 
diutuf^g  fUr  ySgti,  many  iDtereatins  facts  reipeotLDg-  th«  cdlirr  of  tdids.  aod 
tba  wantoii  doatraoLioa  of  them  in  Italy  ouO  vliwwbere.  N»i  otily  tlir-  owl, 
Vnt  many  other  birds  more  fMoiliarly  Icoown  u  T>rMiicioui  Id  their  bnblU,  are 
Qaeful  by  dentroytiifc  ipnest  numbvra  uf  tnlcv  and  molra.  Tb4  importonco  of 
tliia  laat  aervioe  boogmBa  atrilctti^Iy  u|>|iarcJit  vrlitiii  it  ia  known  ilutl  Iho 
bomjwa  of  tlie  molvi  an  anuni^  the  must  froquaDt  caitsw  of  mpttuna  in  Um 
ak.v9  at  the  Pd.  and,  cooMijueutly,  of  innudatioiu  which  lay  many  aquare 
mUcK  of  Uiid  Qzid«r  water.  Soo  Annala  <U»  Panti  tt  Chavuia,  1647, 
J*"  aJOMatre,  p.  ITiO;  Vtmr,  NUtitifhe  und  »hSiIUtiu  Thirre  ;  ajid  piutica- 
IvIyutMM  hi  tfao  OiornaU  M  Club  Jfp^/io,  toL  It.,  no.  15,  aad  vol.  v.,  do. 
18. 

S««  nlao  in  Avs  der  iVfltiT,  vol.  54,  p.  787,  an  article  antitled  NuUen  dtr 
Viiffti/Hr  t!U  fjittrluH'-tJiirhift,  vrlioro  it  in  nffinnod  that  "  withmit  birtla  DO 
■j7icaltai«  or  cvtn  v«getatiou  would  be  possible.'* 

In  an  iDtereatin^  momoir  by  Kondaiii,  ptiblifihmt  in  ths  BatteUina  dd  ComMi 
tlffrarh  tU  Panita  for  Deoumber,  l.m»,  it  ia  maiutoined  that  hiid«  are  cift«n 
Injariotu  to  the  agTiuoIturiat.  by  preying  not  only  on  noxioiia  innects,  Irat 
flonivtiuiea  exclosiv^ly.  or  at  leart  by  ])ref«r«uc«,  on  entoniogtbagoiu  tritei 
wlii'4  wmild  othprwiw  d««troy  thme  Injtirimu  to  oi]ltiTat«d  plants.  See  alao 
articltfs  by  Vrot,  t^abbiooi  lu  tb«  (Ji"rnale  tit  AgrkoUura  di  iitiogfta,  Ciovem- 
ber  and  December,  It^TD,  and  utht-r  ariiclca  in  the  utiuo  jonnial  of  ISLh  and 
80(h  April,  1670. 

*  Wild  bfrds  are  rery  tenacious  in  their  habita.  The  axtonKiaD  of  partionlaz 
twasohea  of  a^onltore  introduceR  now  birds;  but  onleea  In  tho  caaa  of  anch 
tSbKOsm  in  phyidcnl  ooDditions,  imrticular  tipeciiHi  eeein  iudimulubly  attached 
to  putivular  loutditiee.  The  mifnatin^  tribes  foUov  alnioiit  n»d<n-i»tingly 
the  aame  precise  line  of  flifrht  in  thoir  annual  Jonmoya,  and  ustablLsh  thom- 
■elTe*  In  the  aome  bteeding-plaoca  frora  year  to  year  The  itork  ia  a  etrong> 
wingfld  bird  and  rovea  far  for  food,  bnt  n>ry  miely  ealabliabea  new  coloniea. 
Ha  ii  eonunoD  in  Holland,  but  oolcncwn  in  EnitiaikL  Not  abore  St«  or  glx 
pain  of  storks  commonly  breed  in  the  aubnrba  ot  Constantinople  along  tii« 
Karopean  abore  of  the  narrow  Boapbonis.  while— much  to  the  latiafaetion  of 
the  Moalema,  who  are  joirily  prond  of  tbe  marked  piirtJAlity  of  eo  orthodox  ■ 
bird— doieoi  ot  chimneys  ot  the  trae  bcUcrers  on  the  Aaintic  side  aro  arowned 
wHh  htsnecta. 

Tba  appeuvM*  ot  the  dore-tike  ^nnsQ.  Tttrao  pnradaxut^  or  Sffrrhoflm 
PaBaaii^  tD  TMiOBS  parU  of  Europe,  in  1850  and  thv  following  yaats,  !■  % 
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climntic  excess  tlian  qoadnipcds.  Besides,  they  geuerally  waiit 
the  special  means  of  shelter  ajicaiust  the  inclemencv  of  the 
weather  uiid  against  jmrsiiit  by  tht-ir  enomicR,  wliich  holes  and 
done  afford  tu  burruwiitg  animals  and  to  ^iiie  larger  bca;At8  of 
prey.  The  egg  is  exposed  to  many  dangers  before  hatching, 
and  the  young  bird  i&  c^iiecially  tender,  defencele**,  and  help- 
less. Every  cold  rain,  every  violent  wind,  owry  hailstorm  dur- 
hig  Uie  breeding  seiwon,  destroys  hundreds  of  nestlings,  and  the 
parent  often  |ierishes  with  lier  prngciiy  while  bnxiding  over  it 
ill  the  vain  effort  to  proteet  it.*  The  great  proportional  nnm- 
1h»-»  of  bird^,  their  migratory  habits,  and  the  ease  with  which. 
by  llieir  power  of  flight  ihcy  may  escajX!  most  dangers  that 
beset  theni,  would  seem  to  secure  them  from  extirpatii^n,  and 
even  frotn  very  great  ninnerieal  reduction.  But  experience 
ghows  that  when  not  protected  by  law,  by  popular  favor  or 
BniHjittitiou,  or  by  other  Bpecial  circmnBtances,  they  yield 
very  readily  to  Uio  hostile  influences  of  civilization,  and,  thongli 
the  first  ojwratious  of  tlie  settler  arc  favorable  to  the  iueiea&o  of 
many  species,  the  groat  oxlciwion  t»f  ninil  and  of  iiiechaiiical 


nofeioeablc  cxopptloD  to  tbe  l«w  of  ruinUant/  wfaidi  aeems  to  ^vorn  ths 
norancQU  and  dotermias  the  hAbitat  of  blids.  The  firoper  boine  of  Ibij  bLnl 
in  tho  steppes  of  Tmrtaiy,  and  it  is  not  recorded  to  have  been  ohutred  in 
Europo,  or  Bt  least  we«t  of  BilmUl.  until  the  yoai  &boT«  monttoncd.  «b«a 
Bsoj  flocka  of  twmtjr  or  thirty,  and  oven  n  hondrod  indindOAls,  wera  imm  in 
Bohenua,  Gemiaijr,  H<^Uiid,  Dcnmftrlc.  Eo^lftod,  IrclBtid.  and  Fnooe.  A 
oaiuUo»blo  Ho<±  fn-fiiitfjilod  thi*  Friaian  iaiiuid  uf  Barkuin  for  mure  Uwa  fire 
months.  It  wu  hoped  the;  voald  breed  uul  nmiUD  pormanen'b-  in  tlia 
iiOtiad,  bal  lJii«  cxpcdolion  hue  booQ  dimjipototfld,  and  the  iih  pjiii  |[,iiiw 
aeenui  to  have  diweppeeTed  eg^n  elto^Uier. 

*  It  ie  not  the  npfledged  end  Che  nnndug  btnl  olono  Uuit  ere  eziKned  to 
deetraction  bj  severe  ueiiUi*!r.  \rhole  flvoka  of  ft>Iult  &nd  strong- winititid 
txibee  «re  killed  lij  hul.  Severe  wiut«ni  ere  smiellj  followed  bv  a  ncoMiAm 
diminotioa  in  the  nombora  of  t^e  naD-mi{[nling  bird>,  ard  e  ontd  etorro  in 
•oouner  often  ptcovee  fetal  to  the  moie  ileU«ele  epeoittR  Ua  the  Kith  nf  Jane, 
1S4-,  five  or  mix  intiiee  of  enow  fell  lo  Xortbera  Vermont^  The  next  mariiiDg 
I  foond  e  buni[iiing>bin)  killvd  b;  the  ooUl,  and  b^nr'-y  bjr  ite  oUwa  jont  be> 
low  n  leoeo  diqibntkrd  on  tbe  wnQ  of  n  nojiU  wooden  faailding  wb«re  tt  bad 
•oivlit  thelter. 
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iiidtietr)'  ia,  in  a  Tai'iety  of  wajs,  destrautivc  ov^en  to  tribes  not 
dirc<;tly  warrod  upou  by  man.* 

^'ature  sets  bounds  to  the  (linpmi>ortioTiatc  Increase  uf  birds, 
wliilc  at  the  Millie  liine,  by  the  uiiihittidc  uf  their  re^oiiree^,  she 
secures  thctn  from  extinction  tlin>iigh  iier  own  spoittaneonB 
agencies.    Han  both  preye  upon  them  and  wantonly  destroys 

"  liTKi-h,  AnU^uitj/ of  i/itH,  p.  400.  obMrroa:  *'0f  birrln  ft  In  eRtlninted 
that  the  ntunber  of  those  which  db  ovoiy  yaw  equals  tba  aggru^lu  number 
faj  which  the  apadt*  to  which  thoy  Kspe«tiTcl7  belong  !■,  oo  the  arera^, 
ptmianeutl;  represented." 

A  naiukablo  inatatuw  of  the  inflncncc  of  now  circtintRtuiccji  niKin  Ikirds  WM 
obBerrcd  npon  the  cEtabluihiaent  of  •  iigbl-hatuo  on  C:^ra  Cud  some  yc«n 
aince.  Tho  morning  nfter  th«  litm|M  wuni  ligbtoA  for  lk«  tint  tiiim,  more 
tlum  a  hundred  doiwl  binlH  of  BorvrtU  difl«cent  §Etocics,  chiefly  waior-fowl, 
vrere  foonil  at  the  foot  of  the  Mwer.  They  bail  bcea  kiilod  in  tho  oounn  of 
the  niffht  by  tiying  n^irut  th«  thick  glus  or  Kratiuc  of  tho  lautom. 

Prom  an  article  by  A.  E«|uiro8,  io  the  Beaugda  Detm  Mtmdea  for  Sopt.  1, 
1864,  entitted.  La  tie  AngUti*«,  p.  lift,  it  app^ara  that  mich  occiuTebooa  •■ 
that  fftated  ia  the  oote  have  boen  not  unfraquent  on  iha  Unlish  cooaL  Ara 
th«  hirtlx  thnu  ntLnictnl  by  now  li|{fata,  flooka  in  tnigmtion  t 

UI]^tii>£  birda.  whether  foritreatBraeeimty  from  eaglea,  hawka,  and  other 
anmiifla,  oc  for  lotne  anknown  x«uon,  perfomi  a  giMt  part  of  thoLi  ftDnoal 
Joartuiya  by  night ;  and  it  in  obaerYed  iu  tlie  Alfw  that  tbey  fuUuw  tha  high 
loada  in  (heir  pauage  acroaa  the  zoooDtaitui.  Tbli  is  i>artly  beoanae  the  food 
in  aoatoh  of  which  they  tnoal  souietimra  deitoeud  b  priuciitally  fouud  near  the 
Voada.  It  ia,  howoTor,  not  altoe*^thor  for  the  lakn  of  coiuioniiix  with  man, 
oc  of  pcoAtiDg  by  ttia  laboca,  that  tbeir  line  of  fli^fht  oautorma  to  Uiu  putha  be 
baa  Inwed,  bak  rather  becsnae  the  ffreat  roada  are  oarriud  tbrcmgh  the  oatund 
deprunioua  in  the  obaio,  and  benoe  tho  birda  oan  oxoaa  tha  aunuuit  by  theaa 
loutca  without  rising  to  a  height  where  at  the  leuona  of  migration  tho  cold 
voold  be  exoetiaivo. 

The  jnatinct  which  eniden  mifftatory  btrda  in  their  conrve  h  cot  in  all  caaM 
infalUbtt,  aud  it  seeuia  to  Ixi  L-oufoiDitded  by  cbangea  in  Ibo  ocmditiun  of  tho 
■nrfacCL  I  am  familiar  with  a  viUaj^  in  Kew  Enji^land,  nt  the  junction  of  two 
valleya,  each  diaiuud  by  a  luiil-atream,  where  the  flocks  of  wild  geoso  which 
farmerly  ikoned,  oreiy  spring  and  autnran,  were  v«ry  frcttuently  l<x^  **  ^ 
a«  popolatly  phnacd.  and  I  have  ofteu  heard  tlicir  seiminii  in  the  night  aa 
they  Hew  wQdIy  atiutit  in  perplexity  aa  to  the  pro|i«i  oonnte.  PerhapM  the  tO- 
lag*  tiicbbt  enibarraMcd  them,  or  perbaim  the  uoii»tant  chongea  in  the  faoe  of 
lb«  Giniutry.  from  the  clearinga  thou  ^ttng  on.  Introduced  into  the  landncnpe 
feaCDica  not  aocordiny  *ith  the  ideal  loap  hiutded  down  iu  the  ouMtine  fiimily, 
and  IhuK  deranged  ite  traditiuuul  geography. 
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The  modem  increased  facilities  of  transportation  liave 
brought  distant  markets  wJtUii)  rcacli  of  the  profcesional  biint> 
er,  and  thereby  jz^veu  a  now  iuipiilf^;  to  hie  destructive  pnipeii- 
sitica.  Not  only  do  all  Great  Britain  and  Ireland  contribute  to 
the  supply  of  game  for  the  liritiah  capital,  but  the  (ainvaa-back 
dnt:k  of  clie  Potomac,  and  even  tlie  prairie  hen  fniui  ttie  hosin 
of  the  Mississippi,  may  be  found  at  the  stalls  of  the  London 
poulterer.  Kohl  *  informs  as  that  on  tlic  eoaets  of  the  North 
Sea,  twenty  thousand  wild  ducks  are  usually  taken  in  the 
cutirec  of  tlie  season  in  a  single  dect.iy,  and  eont  to  tlto  large 
maritime  towns  for  sale.  The  statistics  of  the  great  Eun>peaa 
cities  show  a  pmdi^ous  consunijttion  of  gaine-birds,  hut  the 
ot1U-ia1  fctnnis  fall  far  below  tho  trntli,  because  they  do  not 
include  tlie  rural  districts,  and  becaofie  aeithor  the  poacher  nor 
his  eu&tonicDi  re{V;rt  tho  number  of  his  victims.  TleprudueLion, 
in  cultivated  countries,  cannot  keep  pace  with  this  excc«ivo 
destruction,  and  there  is  no  doubt  that  all  the  wild  bird^  which 
arc  chased  for  their  fle^^h  or  their  phuna^  are  diminishing 
with  a  rapidity  which  justilic^  tho  fear  that  the  last  of  them 
will  WKJU  fi»llow  the  dodo  and  tho  wingless  auk. 

Fortunately  the  larger  binis  whicli  are  pursued  fur  their  flesh 
or  for  their  feathers,  and  tlio^e  the  e^gs  of  which  are  used  aa 
food,  are,  so  far  as  we  know  the  functions  appointed  to  them 
by  nature,  not  otherwise  »]>ecially  useful  to  man,  and,  thcnj- 
fore,  their  wholesale  destrnntion  is  an  ccuoinieal  evil  only  in 
tlio  same  sciiso  in  which  all  waste  of  prodnctivo  capital  is  an 
evil.f  If  it  were  possible  to  confine  tho  consumption  of  ^Lme- 
fowl  to  a  number  equal  to  the  annual  increase,  the  world  would 
bo  a  gainer,  but  not  to  tlie  same  extent  as  it  wotild  bo  by 

•  JHe  araaffthiiaur  SMumtimnd  Boia^  I.,  p.  aXB. 

f  The  Inawad  demuul  for  aounal  oU>  (or  the  om  of  th«  IVftUiertlnwai 
i»  now  thntAtenlii^  the  jicngnin  with  the  txUi  of  the  wiagleai  aak.  Aooanlfag 
to  tbo  Htport  of  tfit  Affrteultvml  D^partrntnt  of  Ote  V.  &  for  Augvit  uid 
Stpteinber,  1871,  p.  S40,  mudl  tmmIs  uc  fittol  ont  fortbo  ebiue  of  thU  bf nl, 
and  ntani  from  m  Btz  woolu'  ctuim  with  25,000  or  80,000  gallviu  of  oil. 
Aboat  olBTSn  binb  m  reqnjml  for  a.  gKltoo,  kuI  ooonqDmtJ/  tb«  VQaaela 
tokv  npoo  aa  avanfo  900,000  pvnyutna  aadi. 
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checking  tlio  wanton  sacrifice  of  millions  of  the  smaller  'birds, 
which  arc  of  nn  i-e&l  va)no  as  food,  bnt  which,  as  wo  have  scon, 
render  a  nioet  important  service  by  hattlinw,  jn  our  behsilf,  aa 
veil  as  Id  their  own,  against  the  countless  legions  of  humining 
and  of  creeping  things,  with  which  the  prolific  powers  of  insect 
life  wonld  otherwise  twver  the  earth. 

UtilUy  and  Destruction  of  Heptiles. 

The  disgust  and  fear  with  which  the  serpent  is  so  universally 
regarded  expose  hira  to  constant  persecution  by  man,  and  per- 
h^>s  no  other  anininl  is  so  relentlessly  sacrificed  by  hiiu.  Never- 
theless, snakes  as  well  aa  1  i^jii-ds  and  other  reptiles  are  not  wholly 
nscless  to  their  great  enemy.  The  most  formidable  foes  of  the 
insect,  and  even  of  the  small  rodents,  arc  the  reptiles.  The 
chtiineleon  nppruni;hes  the  insect  perched  upon  the  twig  of  » 
tree,  with  an  almoAt  im|>ei-L'cptibIe  slowness  of  motion,  until,  at 
the  distance  of  a  foot,  he  shoots  out  his  long,  slimy  tongnc,  and 
rarely  fails  to  secure  the  victim.  Even  the  slow  t<jad  catches 
the  swift  and  wary  honsedy  in  the  same  manner ;  and  in  the 
wrarm  conntrics  of  Europe,  tlie  nnmorons  lizards  contribute  very 
eseentially  to  tlie  refluction  of  the  insect  population,  wliidi  they 
both  eurprise  in  the  winged  state  upon  walls  and  trees,  and  con- 
enme  as  c^y  worm,  and  chrysalis,  in  their  earlier  mefamor- 
phoees.  The  serpents  feed  much  upon  insects,  as  well  as  upon 
mice^  moles,  and  small  reptiles,  including  also  other  snakes. 

In  temperate  climates,  snakes  arc  consiuued  by  scarcely  any 
beast  or  bird  uf  prey  except  the  stork,  and  they  have  few  dan- 
gerous enemies  bnt  man,  though  in  the  tropics  other  animals 
prey  upon  tln-ra.*     It  is  donbthil  whether  any  speoies  of  ser- 

•  It  ia  rery  qapslioniiblo  whnthor  tiiere  In  any  fonndstiMi  for  the  popalMT 
t)«li«f  in  the  bajtilitx  of  nwine  and  of  deer  to  the  rstUesnake,  and  careful 
expcmnitnita  on  to  the  former  qaadmppd  seem  to  show  that  the  mppoaed 
«iunitj  U  wholly  intaK^^o^T-  It  is  however  affimiftl  in  an  uticl«  in  Iiuturt, 
Jane  11,  1673,  p.  S15,  thst  the  ptga  hav«  exterrainatfld  tbo  mtUesnoko  in  soma 
parte  of  Oregon,  and  that  swine  are  deetntctivo  to  t\in  oohra  d«  oapello  ia 
India.    Ofaaerrtne  that  the  fitarUngs,  MorneBi,  which  bred  in  on  oU  towmr  la 
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pciit  has  boon  oxtermmatwl  within  the  human  period,  and  even 
the  dense  popnlation  of  China  has  not  heeu  able  etnnplelely  to 
rid  itself  of  the  viper.  Tliov  have,  however,  almoiit  entirely 
disappt^arod  from  particnlar  hjcailities.  The  rattlesnake  is  now 
wholly  nnknown  in  many  large  districts  whore  it  was  extremely 
common  Iialf  a  century  iigo,  and  Palestine  has  h»ng  been,  if  not 
absolutely  free  from  venomous  sorj>oiiU,  at  Ica-^t  very  newly  bo.* 

Piedmnnl,  camed  Mimethiiv  from  their  dcmIa  and  dropped  it  npoa  tii«  groiuid 
Rbout  lu  often  aa  th«j  brongfaC  food  to  their  yoaag,  I  watched  their  prooacd* 
iaj[*,  *uti  touud  ovfliy  dtj  l^injf  near  the  towei  ouiubeni  of  deivd  or  djiog 
iSawvarmK,  und.  In  a  few  corm,  naall  lizardo,  which  hod,  in  ervery  isstance, 
loci  about  two  inotiM  of  tlie  toil.  Thin  pari  I  beUev«  the  atarlio^  gavt  to 
thtir  DMtliiif!;*,  and  threw  awfkj  the  remainder. 

*  RiiRMll  deuiet  the  exuteuoe  of  potsunuua  Koaliea  iu  Northern  Sjria,  and 
tUmUht  Utat  the  laat  Initantw  of  death  laiown  to  hare  occurred  from  the  bit«  of 
a  aerpent  near  Aleppo  took  placu  a  hiiu<lreJ  yean  b«for«  his  time.  In  Pales- 
tine, thft  dtmata,  th«  th[nno«H  of  it'Opiilatinit,  the  molthnda  of  Inoecfla  and  of 
lixarda,  all  oirounuitaiioeH,  Ju  fact,  aeena  VMnrfavorablo  bo  (he  molt^Uoat jou  of 
»rp«iibi,  but  tho  venomous  spedca,  at  leaat,  aro  extremely  rare,  if  at  all 
known,  in  that  ooontiy.  I  bar«,  bowever,  been  asvured  by  pertoof  very  fami- 
liar with  Mount  Lotnnon,  that  caaw  of  potiioniiis  from  the  b(te  of  aoalMs  had 
occurred  wltliin  a  tew  yuan,  noar  Haibvlycb,  and  at  other  ptoooa  on  tha 
wMithem  dedirjties  of  Ziebanon  and  Hanson,  En  Egypt,  on  the  other  hand, 
the  (Hihta,  the  aap,  and  tlia  ccrutiia  are  aa  numcruuH  oa  avor,  and  ara  mnch 
drcu/led  by  all  the  natirr*  •^xcrI1t  ihr  ]>Tof4'mional  snake  diannvn. 

The  rcoent  jfroat  multiiilicaliun  of  riiwn  in  eomo  parti  of  Pnum  ta  a  idn- 
gnlttr  and  wtartifng-  fact.  Tonincncl.  (|tioting  from  offlcial  dMmmonte,  rtatea, 
that  npoo  the  offer  of  a  rownrd  of  fifty  coutimea,  or  ton  txitita,  a  head,  Itrekt 
thousand  vjpets  wen  bnnight  to  the  pr«fe<:t  of  a  ainglo  department,  awl  that 
1b  1850  flfteon  hundred  makoa  and  twenty  quarts  of  Hnakcs'  oggn  vera  found 
nndiv  a  farm-bonM  hcArtbiiton«.  The  gTannry,  th«  atAhtoa,  the  roof,  the  very 
Iwda  swaraicd  with  serpentfl,  and  the  family  were  obliged  to  abandon  ite  habl- 
tMian.  Dr.  Tlan^randmarala,  of  Nantea,  reported  to  tiie  prefect  of  hta  depart- 
UMBt  more  than  two  bandzed  roosnt  caeea  of  Tiper  bitea,  twenty-four  of  wbiob 
pnnred  fatal.  — rriifui.  p.  I7A  «e<<r^.  Aoootdins:  to  the  Jiwrna/ cfn  ZM^U 
for  Oct.  IM,  18&7,  the  J>epart[n«Dt  of  Iha  OAt*  d'Or  paid  in  the  ymr  1M6 
dgbteeothoonod  francii  forthe  detSraotionotvipen.  The  reward  wae  thirty 
coDtuDas  a  head,  and  coaaoqnontly  the  aomber  killed  waa  abotit  aixtj  IhooaaBda 
A  Mend  reaidinv  in  thai  dopartnent  inf  omw  ne  that  it  waa  atnogly  Mupaolad 
that  many  of  theM  anakaa  were  imported  from  other  depaitmanba  fur  the  aakfl 
of  the  premiom. 

la  Aattirv  for  1870  and  1871  wean  tcld  that  the  number  of  deaths  from  tho 
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Tlie  serpettt  does  not  appear  to  haro  any  natural  limit  of 

fgrowtli,  and  wg  aro  therefore  not  authorised  wholly  to  di&cjredit 
the  evidence  of  ancient  iiaturallBtB  in  re^rd  to  the  extraordi- 
narv  dimensions  which  these  rc]>tile3  are  said  by  them  to  have 
Bomctiraes  attaiued.  The  obo  of  firc.imis  hns  ctinblcd  man  to 
reduce  the  nimhera  of  the  lar^r  wriietits,  and  they  do  not  itften 
c«ea])o  him  long  enough  to  arrive  at  the  »izo  ascribed  to  them  by 
travellers  a  century  or  two  ago.  Captain  Speke,  liowever,  shot 
serpent  in  Africa  vliich  measured  tlfly-one  and  a  half  feet  in 

''lengdL 

Srnne  entluisiastic  cnlonKflogtst  will,  jwrhajw,  l>y  and  by  dis- 

rCrivor  (hat  ingoctfl  and  worms  are  as  efisential  as  the  larj^er  or- 
ganisms to  the  proper  working  of  the  great  terraqueous  maehine, 
and  we  sltall  have  as  cliKjucnt  pleas  in  defence  of  the  luostjuito, 
and  |K*rlmps  even  of  t!ic  tzetxe-Hy,  as  Toiufsenel  and  Micliulet 
have  framed  in  boludf  of  tlw  bird.  The  silkworm,  the  lac  in- 
Bect,  and  the  bee  need  no  epolo^iet ;  a  gnlhint  produced  by  the 
Jinnrtnre  of  a  cympn  on  a  Syrian  ()ak  U  a  necessary  ingredient 
in  the  ink  I  am  writing  with,  and  frr^n  my  windows  1  reeog- 
nizc  the  grain  of  the  kenned  and  the  cochineal  in  the  gay  habiU- 

|Xnente  of  the  holiday  groups  beneath  them. 

Theec  humble  forms  of  being  nre  seldom  eouepicuous  by  mere 
and  though  the  winds  and  the  walera  sunietinies  sweep 

[together  large  heai>a  of  locuata  and  even  of  may-Aies,  their  re- 
mains aro  Bpcedily  decomposed,  their  exuviae  and  their  struc- 
tures fonn  no  strata,  and  still  less  docs  oaturo  use  tltem,  as  aho 
doca  the  calearcans  and  siltcions  cases  and  dwellings  of  aninial- 
cnlar  species,  to  build  reefs  and  spread  out  submarine  deposits, 
wliich  subsequent  geological  action  may  convert  int^:)  islands  and 
even  monntaiiiB.* 

[tets  of  Tmomous  wtpeats  In  Ota  Ben^  PrMrldcst^y,  iii  the  jr^or  1S60,  waj 
11,416.  uid  thuln  bh«wfaoleor  Brltiab  India  not  le»  than -lO.OrXIbumaa  Uves 
are  •umudl]'  kwt  ftaxa  thin  cauM.  In  ooe  muiiX  [lepDitmeat,  a  reward  of  from 
tlu««  to  six  puioo  a  head  for  poJMnooa  serpents  brought  in  1;900  a  Aay,  and 
In  two  muutfaM  tbo  gor«ninittnt  paid  £10,000  uterltn]?  for  their  dcatractiDti. 
*  Althoosfa  tb*  T«inaina  of  oxtant  auIuiaU  are  rarolf,  if  ever,  ^thered  In 
qoaatitlM  to  pctaciB  any  geognvpliioal  linportonoe  by  their  mere 
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But  tltc  action  of  the  crxie2jittg  ftiid  Kwonuing  tliinva  of  the 
CBfthf  though  often  poss-ed  [iiiiiottuuij,  'n  not  without  iinjinrtuut 
cfFeela  in  iJie  genenil  economy  of  nature.  The  geographical 
imjKJrlance  of  insects  proper,  as  well  as  of  worms,  depends 
principally  on  their  c^juuection  with  ve;yutable  life  as  agents  of 
its  fecundation » and  of  its  destruction.  We  leani  from  Darwin, 
"On  Various  Contrivances  by  which  British  and  Foreign  Or- 
chids are  Fertilized  by  Insects,"  tliat  some  six  thmi^nd  species 
of  orchids  ai-e  absolutely  dependent  upon  tbc  agency  of  insocta 
for  their  fertilizntior,  and  that  consequently,  wcj-c  those  planta 
unTisited  by  insects,  tliey  would  all  rapidly  disappear.  "Wliat 
is  true  of  the  orchids  is  more  or  lo«s  true  of  many  (jthcr  vegeta- 
ble families.*    We  do  not  know  the  limits  of  tiiis  agency,  and 

muB,  th«  deoafcd  exoTlie  ot  even  the  miftller  and  hnmbler  fonn*  of  llf«  kr« 
Bom«tim«»  ftbundemi  encuB^  to  exeroiae  a  p«rc(>]<tibl«  mtlueuoe  on  Notl  and 
atxaoaphcrc  '•  The  piain  of  Oomana,"  aaya  Hamboldc,  "  pTOAccU  a  rcmftrk* 
aVIfl  phenomenon,  after  beavf  iMtm.  Th«  tnoutaced  eaiCh,  whea  bcatvd  by  Iha 
nj9  of  the  imn.  dlSmieB  Uie  moalqr  odor  oommon  in  the  torrid  (one  to  nntnmla 
of  verj  different  obawa,  to  the  jaffnar,  the  imall  RpeoiM  of  tiger-cat,  th« 
cabint,  thfl  Knllinaco  Tnltnre,  the  oracodlte,  thavlpor,  and  tiw  rattlcmakft, 
Thv  (puvuiu  eniaiuUoiw,  the  vuhiolM  ot  tbi«  aromn.  upiioar  to  bo  dhwu^agcd 
In  prn|H>Rion  an  the  Boil,  which  ccmtalua  the  mnoiitR  of  an  inuumerable  mat* 
titado  of  tepU]0K,  wonna,  and  iiuecu,  begiu*  to  bo  unpteipiatod  with  water. 
WhsfBTcr  we  atir  tba  earth,  wo  are  etxuck  with  the  man  of  ori^iuiio  mb- 
•taiiMa  which  in  torn  are  developed  and  beoome  traacformed  or  deoompoaed. 
Nature  in  these  dimes  BOems  noto  actire,  more  pnrfiflo,  and,  bo  to  speak,  mora 
prodi^  of  life." 

*  Lat«(  ohmrrationB  of  Darwia  nnd  otbcr  naturaliata  havo  gventXj  ralnd 
fonner  eatimiUei  of  tbff  tmponaoM  ot  insect  life  in  the  feoandotian  of  plants^ 
and  tunoct;  other  romarfcablo  diBooTnios  11  baa  bean  fooail  that,  la  manj 
eaK>  •(  IcjMt.  iiuecta  are  neceaiaty  ercQ  to  moocecioiu  T«g««at)les,  be«anM 
tba  male  llowrr  dom  not  inipr«Kiiata  Uw  fcmaJo  ifrowiii;  on  the  same  ataBi, 
■ad  Ae  Utter  can  bo  focnndaiod  only  hf  poUea  mpplied  lo  ft  bj  imtotm  from 
■netlier  plant  of  the  aama  apodea. 

"  Who  would  erer  ban  Uurag'bt,''  saTi  Pr«7er,  "tbat  the  aboodonoo  and 
bcADty  of  the  jMusjr  and  of  tba  olorec  weiv  dapandRDt  upon  tha  nomber  of 
cat*  and  owla  f  Bnt  ao  it  ia.  The  riorer  and  the  panv  ouuuft  exiat  wilbont 
the  humhle-bea,  wliicb,  in  seBrob  of  lus  vegetable  nectar,  tranaporta  nncoa- 
aoional;  tha  poDea  from  the  moacnlinD  to  tbe  feminine  flower,  a  acrrjce  which 
other  teaaota  paifonn  onlj  partially  for  tboHo  planta.  Their  exuitctiDe  there- 
fore dependa  upon  that  of  the  hambltt>boe.    The  mice  make  war  npoa  chia 
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many  of  the  insects  bnbitually  regarded  u  nnqiioliiicd  peets^ 
may  directly  or  iudlrc'ctly  {lorfuriii  fuiicU<iug  es  impoi-taiit  to 
tite  most  vuluablo  plants  lie  tlie  wirvicres  rendered  hy  cerlaiu 
tribes  to  tiie  ortbide.  1  say  directly  or  iiidiix'cily,  bt'oauae,  be- 
sides the  other  uran^emeiitB  of  nature  for  clicckiug  the  utidne 
(tiitltipliciitiuti  of  jmrticular  species,  fllie  liuseslublUhod  a  police 
ainuiig  iiifiei-'te  tliemsflves,  by  which  wiiitu  of  tlieni  keep  down 
or  promote  tlie  increase  of  othei-B ;  for  tliere  are  iiisecta,  as  well 
as  birds  and  beaats,  of  prey.  The  cxistenoe  of  mi  insect  wliich 
icrttlizce  a  nsefu!  vcffctable  niuy  depend  on  tlint  uf  linntber 
insect  which  constitutes  hiB  fotxl  in  «oine  sta^  of  liis  life,  oikI 
this  other  again  mar  be  aa  iujurioue  to  soma  ydant  as  hl»  de- 
stroyer ifi  to  a  different  species. 

The  ancients,  according  to  Pliny,  were  accustomed  to  hang 
branches  of  the  wild  fig  npou  the  domestic  tree,  in  oi\ler  that 
the  insects  which  frequented  the  fanner  might  liastcn  (lie  nj)en- 
ing  of  the  cnltivated  fig  by  their  pnnctiiree — or,  as  other*  Riip- 
pose,  might  fructify  it  by  transj«>rting  to  it  tl»e  |>oUen  of  the 
wild  fniit — and  this  process,  called  caprification,  is  not  yet  on- 
tiroly  oljaolclc.* 

The  i)Cirfor.aI(»nB  of  the  earthwnnnft  and  of  many  insect 
Urvffl  raechaitlcally  aflfectthe  tcxtumof  the  soil  and  itd  perme- 
ability by  water,  and  they  tJierefore  have  a  certain  influence  on 
the  form  and  character  of  terrosti-ial  surface.    The  earthwonos 


bee.  Id  thdr  foodDens  tot  htnaey  thojr  desCraj  the  Best  and  at  the  tamo  timo 
tlM  bae.  Tbe  prisoipal  eoemies  of  laioQ  oro  tmia  and  owlit.  And  thetefon  fcb« 
flaeak  oloreni  uid  the  iBOat  1>aaotiriil  piuiKJca  ore  found  n«ar  vUlkgea  whw* 
oiti  And  owl*  fttutiuO."— PanYaa,  JMr  Ktimpf  wn  (&«*  Dasein,  p.  83.  8m 
■In  DkU'ISO,  Petitigri  ruOa  biologia  tegtUtle,  and  other  wodn  of  the  «uno 
Itbia  obMrrcT  on  T«g«tAb1e  pfa;siotoc7. 

*  Tbo  otilitjr  of  capriRration  hu  been  a  good  deal  dlspat^d,  and  It  boo,  I 
bflUor*,  boea  s«D«nUlj'  abondonod  in  Ital;,  tltoufib  iitilL  praotiwed  la  Oteeco. 
Sea  BBomtE,  7'Ae  Tram  of  Ammea,  p.  473,  and  on  cnprifloitEon  in  Kabjlia, 
N.  BuKEaco,  T,a  Xaiftm  iu  l^artljura,  in  JteetMe  da  IJeux  JTonda  tar  April 
Ist,  1M5,  p.  S89-,  aiat>,  Ati*  fUr  jVatar,  Tot.  xxx.,  p.  084,  oud  rnirsoif, 
UtIUialion  of  Minute  Life,  p.  50.  In  Bom«  part*  of  Sicilj-,  BprigB  of  mint, 
mmth^  fUltgfum,  an  tiMd  uut«ad  of  branobes  of  lb«  wild  0;  for  oapuSoaUoa. 
Prrafc,  Cat  voprAiH  Sieaiani,  1871,  p.  IB. 
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long  ago  made  good  tbeir  title  to  the  respect  and  gratitmlc  of 
the  fanner  as  well  as  of  the  angler.  Their  nttlity  has  been 
pointed  out  in  mnnv  scientific  m  well  as  in  many  ngnL-iiltural 
trejitisctt.  Tlie  fullo\nng  extract  from  an  csBAy  on  this  subject 
will  answer  my  present  pnrpoflo : 

"  Womis  are  great  aasistants  to  (he  drainer,  and  valimhle  aids 
to  tlie  farmer  in  liecpingnp  the  fertility  of  tlie  soil.  They  lovo 
znotAt,  bnt  not  wot  soils ;  they  vill  bore  down  to,  but  not  into 
water;  they  mnltiply  rapidly  on  land  after  drainage,  and  prefer 
a  deeply-dried  soil.  On  examining  part  of  a  field  which  hod 
been  deeply  drained,  after  long-provioiw  sliallow  drainage,  it 
was  found  that  the  wunns  had  greatly  incrca.<)ed  in  niinilrcr, 
and  tltat  their  bores  descended  quite  U*  the  level  of  tlie  pipes. 
Many  womvboreB  were  large  enough  to  receive  the  little  tingcr. 
A  piece  of  land  near  the  sea  in  Lincolnshire,  o\"er  which  the 
6ca  had  broken  and  killed  all  the  worms,  reniainud  sterile  until 
the  worms  again  inhabited  it.  A  piece  of  pasture  limd^  in 
which  wonns  wore  in  snch  nntnbers  that  it  waa  thought  their 
castfi  interfei^  too  mnch  with  its  produce,  was  rolled  at  night 
in  order  to  destroy  the  worms.  Tlie  result  was,  that  the  fertility 
of  the  field  greatly  declined,  nor  was  it  restored  until  they  had 
recniited  their  nmnljers,  which  waa  aided  by  collecting  and 
transporting  multitudes  of  worms  from  tlic  fielda. 

•*  The  great  depth  into  which  worms  will  bore,  and  from 
which  thtfy  push  up  tine  fertile  soil,  and  cast  it  on  the  iinrfaee, 
have  been  well  ehown  by  the  ^ict  tliat  in  a  few  years  they 
have  actually  ele\'alcd  the  surface  of  fields  by  a  Inrffi  layer  of 
rich  mould,  eeveral  inches  thick,  thus  affording  nourishment  to 
the  roots  of  grasses,  and  increaaing  the  productiveness  of  the 
BoiL" 

It  nbould  be  added  that  tlio  writer  quoted,  and  all  others  who 
have  discuasefl  the  subject,  ha\'e,  so  fnr  us  I  know,  overlooked 
one  Teiy  imi»rtant  element  in  tlio  fertilization  i>mdoccd  by 
earthworms.  I  refer  to  the  enrichment  of  tlie  soil  by  tlieir 
excreta  daring  life,  and  by  the  decomposition  of  their  remaim 
when  tlicy  die.     The  manure  thus  foniished  is  as  valuable  as 
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like  amount  of  similar  animal  products  derived  from 
Tiigher  organisms,  and  when  wc  consider  the  prodigious  mua- 
bers  of  tlioso  wornift  foinid  on  a  single  square  yard  of  some 
soiU,  we  may  oa^ily  rco  tliat  tliey  fnruisL  uo  iusignificaiit  oon- 
tribntion  to  the  nutritive  material  required  for  the  growth  of 
plants.'^ 

The  camivonmsaud  often  herbivorous  insects  render  another 
important  service  tu  man  by  consuming  dead  aud  decaying 
animal  and  vegetable  matter,  the  decomposition  of  which 
would  otherwise  fill  the  air  with  effluvia  noxious  to  health. 
&ume  of  them,  tlie  grave-diggyr  l>eotle,  for  instance,  bury  tlio 
small  animals  in  which  Uicy  lay  their  eggs,  and  tlicreby  pre- 
L  v«nt  the  escape  of  the  gases  disengaged  by  putrefaetiou. 
Tlie  prodigious  rapidity  of  develnpniont  in  insect  life,  the 
great  nimibers  of  the  individnaU  in  many  species,  and  tlio 
Toracity  of  mo«t  of  tliem  while  in  the  larva  state,  justify 
the  appellation  of  nature^ii  scavengers  which  h&»  becu  be- 
stowed ii]>on  tliem,  and  there  is  very  little  doubt  that,  in 
warm  countries,  they  consume  a  larger  qnantity  of  patrcacciit 
organic  matter  than  the  quadrupeds  and  birds  which  feed  upon 
such  aliment 


*  I  beliere  thoro  is  no  found&tion  for  the  supposition  ibat  Barthwornu  attack 
Utfltiiberof  the  potato.  Some  of  tliom,  esitecioU^'  one  or  two  epedM  em- 
ployed bj  KOghuB  u  hait,  it  iiKtiTBa  of  tho  woods,  are  »t  lonKt  min  in  shaded 
(imuMlft,  bat  mttltiptjr  ntj  lapidl;  aitex  thv  noil  id  braoglit  uiul«r  cuItivuUoa. 
VtKty  or  Bftjr  jMts  ago  Otoj  ware  lo  souoe  in  lb»  acirer  ])ftrta  of  New  Eng- 
Ind,  tlut  Hm  Rcrtio  fisbcrmen  of  vmry  rUingv  kept  veorot  the  few  piuea 
when  tliey  mv  to  be  found  In  their  neighborhood,  u  a  profeuiooal  myttory, 
bat  Bt  prewDl  am  ckq  hordlf  hun  otbt  a  shovelful  of  tich.  moist  aoil  any- 
yriutttt,  without  onciurUiing  wvcml  of  them.  A  vor;  intvlUg^snt  lady,  bctrti  In 
the  woodB  of  Xurtheni  Mew  England,  told  m«  that,  in  bee  cldldbooil,  tliMe 
Womut  were  almost  tttilaiowo  tu  tSiMt  rc^oo,  though  imxionsly  Boagfat  foi  hy 
Uw  attglan,  bot  that  they  Iscrcucd  oe  the  oonatrr  was  «l«ared,  and  at  last 
twimnKi  BO  muDcrons  In  twino  iilitooa,  tlwt  tha  ivater  of  sprin^fs,  and  eTtm  of 
ahallov  vtUa,  which  had  fonoedr  bc«n  excellent,  wan  teud«n.'d  uudrintuhl* 
hj  th*  iinaatJl^-  of  duod  irunnR  that  fell  into  them.  TbeincressD  of  thorobio 
and  otb«r  small  Urda  which  follow  the  aottlor  when  bo  haa  preiuued  n  aait- 
tMm  borne  for  tliejn,  at  loft  chookvd  tho  exoessivo  mohiplwatioa  of  the 
vona^  and  abated  the  ntUaaiioe, 
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Introduction  of  InBect^. 

The  gonoral  tendency  of  man's  oncroAcli incuts  upon  spoa* 
toneous  nature  has  been  to  increase  inscL^  life  at  the  oxpeuse 
of   vf^tatiim    and   of    tlio    Binallcv    quadnipodii    and    birdt^ 
I>jnlitle£8  thoro  arc  insoutd  in  all  woodd,  but  in  teinperato' 
climHt«a  they  are  comparatively  few  and  haritilees,  and  the 
mc-st  uuuicrou9  tribes  which  bri'od  in  Uio  forest,  or  rather  in  its 
waters,  and  indeed  in  all  sulitudes,  aro  thoae  which  little  injure 
vej^tation,  sueii  as  tntwquitijes,  guars,  and   the  like.      With 
tli6  cultivated  plants  of  niau  uoute  the  myriad  tribes  which 
feed  or  breed  upon  them,  and  agrianltiire  not  only  introdncea 
uew  8i>ecii!i!,  but  so  multiplier  the  number  of  iiidiWdnal^  as  to 
defy  calculation.     Newly  introduced  vcgctablos  fnxjucntly  es-  ^j 
cape  for  years  tho  iueeut  plagucB  whiuh  had  infested  them  in,^| 
tlieirnativo  habitat;  bnt  tlio  iuiixtrtation  of  other  varieties  of 
the  plant,  the  exchange  of  geeil,  or  eome  more  accident,  is  sura  ^j 
in  tho  long  mn  to  carry  the  e^,  tho  larra,  or  tlie  chrj-galls  ta^| 
the  moet  distant  shores  where  the  plant  assi^ied  to  it  by  nature  ^* 
as  its  poeseesioQ  has  preucdcnl  it.     For  many  years  after  tlie 
colonization  of  tho  United  States,  fow  or  nuno  of  the  iusoe 
which  attack  wheat  in  ita  different  fltagea  of  growth,   were 
known  iu  America.     During  the  Rcvolnlionarj-  war,  the  lies- 


ftsd  thft7  beoone  <le«tniatiTe  to  the  foreot  becwioa  thsjr  An  drlreo  to  tha 
Uviug  tree  for  iintiimeDl  uid  ooror.  Tlie  fonefe  of  Pontniuclil«Mi  b  kIriooS 
■nrhoUy  withooC  biTda,  uul  their  alieence  ie  OHribed  hj  same  writen  to  the 
WMUt  of  water,  whioh,  Id  the  Ihirety  unds  of  that  woM,  doee  not  gnilin-  into 
numln;  hrook* ;  but  the  want  of  ondeigrowtb  n  perfaape  an  •q,!!*!!;  Booil^ 
nuoa  fioT  their  ecudtj. 

Oa  the  other  bend,  tho  thinning  ont  of  the  (biwt  wad  the  mnovml  of  nniWrfj 
urooil  and  decayed  timlier,  bjr  which  it  la  brought  ntorc  n«arlj  tn  the 
of  an  artUlaia]  wood,  te  often  deatmcttve  to  imwct  tribee  whioh, 
lajaaod*  to  Hvm,  ate  noxiou  to  men.      Tbua  tte  tnwiblewwe 
toieeriy  tot/  nbandaut  in  the  North  EastDin,  ■■  it  unhappily  etUl  fa 
fonato  ia  the  Soutlieni  and  Weetem  State*,  hns  become  oearl j  or  qnlta  i 
in  th<t  former  te(ioii  siace  the  woods  hare  been  reduced  ta  extent  and  laid 
noiecipantolbeeanaoa^.— AaiPrrcu,  to  Ayortof  A'm  Yat^  AgrieuttuToi ^ 
SnUtf  ha  ItnO,  i>p.  3«3,  9M. 
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fiian  fiji  Cedtlvmyia  deatruetrix,  made  Ite  appeamuce,  and  it 
■o  called  bcLTiusc  it  was  liret  observed  tii  tho  year  wlieii  tliu 
jHeuiau  ti-oops  were  brought  over,  and  was  [Mijtiilarly  sup|KMed 
[to  have  bueii  at:cideii tally  imported  by  tht)be  uiiwelcuiiie  tstruii- 
Fgere.  Otlter  des^troyerB  uf  tx.'rua)  grains  have  bJuce  fguud  th^-ir 
way  acrxjsg  the  Atlantic,  aiid  a  noxiuus  Europeaii  aphis  has  finet 
attuuked  the  Aiaeriean  whualHeldi;  wtthin  the  last  Hftecn  ycai-s. 
Uuhappily,  in  the^  catten  of  migratiuii,  tli«  natural  corroctt^'o 
fOf  exeeifiive  lunltiplication,  Uie  parasitic  or  voracious  enemy  of 
||]ie  noskioos  iuscct,  doua  nut  always  accompany  the  wanderings 
itB  prey,  and  tJie  biuie  long  precedes  tlie  antidote.  Uunco, 
in  the  Uutteil  Slater,  the  niva;^  of  inipurtc'd  ineeetti  injurious 
to  cultivated  cmju;,  not  being  ehecked  by  the  counteracting;  in- 
flneuee^  wliiuU  nature  haii  provided  to  limit  their  devastatiouii 
m  the  Old  World,  are  more  dcatructivo  than  iu  Europe.  It  la 
not  known  that  the  wheat  midgo  is  preyed  ujion  in  America  by 
any  otiier  insect,  and  \n  seasons  favrirablo  tu  it^  it  nuiltijilica  to 
.  (icgree  which  wtjuld  pmve  almost  fatal  to  the  entiro  harvest, 
jpe  it  not  that,  in  the  great  territorial  extent  of  the  United 
ttatos.  there  is  room  for  sucli  Jiffereuees  of  soil  and  cHtnate  as, 
a  given  ytwir,  lu  present  in  one  State  all  the  conditions  favoi*- 
slilu  tii  the  increase  of  a  partieiilnr  insect,  while  in  another, 
the  natural  induenccs  are  hostile  to  it.  The  only  appaixmt 
rcnieily  for  this  evil  in,  tci  balance  the  disproportitmato  develop* 
mcut  of  noxious  foreign  species  by  brinarini;  from  tlieir  uaiivo 
coiuitrj'  the  tribes  wliich  prey  upon  them.  This,  it  secins,  has 
been  attempted.  The  United  States  Census  Koiiort  for  ISCO, 
p»  82,  states  that  the  Now  York  Agricultni-al  Society  "  has  in- 
troduced into  this  coantry  from  abroad  certain  parasites  which 
Providence  has  created  to  counteract  the  destructive  powers  of 
some  of  these  deprodatiirs,"  * 

TUia  is,  however,  not  the  only  purpose  for  which  man  has 
designedly  introduced  foreign  forms  of  inMtrt  life.  The  eggs 
of  the  eilkwonn  are  known  to  have  bocu  brought  from  the  fnr- 

*  On  panaitic  luul  cstomopbi^onB  iiweots,  km  •  [»par  by  BonduiJ  r«f«tnd 
to  p.  IIU  anU, 
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liicp  Eiwt  to  Ean>i>i*  in  the  sixth  cciiturv,  and  new  silk-i^piiincrs 
wliich  feod  mi  tlifl  rafltoroil  htmn  and  the  uilanthim,  have  recently 
been  reared  in  France  and  in  Smith  Arncricft  with  pruini&ing 
snccesB.*  The  co<Thinenl,  Ion;*'  regularly  bred  in  aboriginal 
AmericB,  has  hccn  trnn.'iplaiited  to  Spain,  and  both  tlie  kcnnt» 
insect  and  tlic  (.•aiithn rides  hiive  b(M-»n  transferred  to  other  eli- 
tnntcfi  tlmn  their  uwii.  The  honey-bee  must  be  ranked  next  to 
the  silkwfwm  in  eoonomical  importanea  This  nseful  creatnre 
wa?  earried  tfi  tlio  ITiiited  States  by  ICnropean  e^Ionista,  in  tlia 
latter  [Mirt  of  the  eevcntcciith  century ;  it  did  not  crosa  the  Mis* 
filfiBippi  till  the  cln^e  of  tlic  eighteenth,  and  it  is  only  in  1833 
that  ifwas  tmnfipiirtcd  to  ('aliffjrnia,  where  it  was  prenniiftly 
nnknown.  The  Italian  boo,  which  seldom  stings,  haa  lately 
been  introduced  into  the  United  Srates.f 

The  insects  and  worms  iTiteiitifinaUy  transplanted  by  mnn 
tjeor  but  a  smnl!  pniportion  to  thiisc  accidentally  intro<luccd 
by  him.  Plants  and  animals  often  carry  their  para^itoa 
with  them,  and  the  traffic,  of  ronitiien-ial  c-nuntrios.  whinh 
exehaiif;©  their  pKKliictA  witli  overj'  aiiiG  and  cvt;ry  stJigB 
of  Boeial  existence,  cannot  fail  to  transfer  in  both  dircetiona 
the  niinnte  organisms  that  are,  in  unc  way  or  another,  aeeo- 

*  Th«  iJlkworm  whic)i  tf^CiSa  on  the  oiUtitbiu  bM  nAtitrnlieed  lUelf  in  tli* 
Unitad  Statw,  bat  tho  promisM  of  itis  adlity  hiLTs  oot  been  nutiuKl. 

t  Bee  hiulMUidry,  now  tcit^jt  g^cmciml  in  Kwitacilnnd  ftnd  other  Alpina  regiooi, 
voB  formaly  MA  imporUat  bntacb  q(  iudoEUj  in  Italy.  U  haBUU>>r  basa 
nvircd  uicl  is  doit  cxtcnnvct)'  priMOodtcd  in  thut  countrj.  tt  is  intenvtiiif 
to  obtMrrv  that  nun*'  of  Uie  mftUiod*  rtomiUv  inlrudncwl  into  thi>  nit  id  Un^ 
iRnd  snd  the  ITnEtMl  Btatra.  waA  tar  oxoraplii  m  the  maionlde  honej-Uosoa, 
an  ntnventioiM  of  Italian  s/ftteiiu  nt  l«Mt  Utrer  bundr«d  yaa  oltL  S«« 
Oallo,  /^  ernti  (liomata  dair  AfricuUura,  uap,  xv. 

Th«  t<ruip<.>rTU7  decliiM  ot  tbU  ioduAtrf  in  Iialj  wm  dnubikw  fa  ft  gcrafefe 
nMHuarc  Jao  lo the  tiMt  of  ROgat  which  had  tikea  the  phioo  of  boii«7,  but  |Mr* 
hapf  ako  In  p*rt  to  Um  4««i«aM  of  the  wild  TaestaUoiti  from  which  Uie  tw« 
dnnnt  mart  or  Umr  of  his  DUtriiueut. 

A  now  wftx-piodiKiIim  iuuct,  a  speciu  of  oaoc<ts,  rery  abanduit  in  Chiaa, 
wh«n  It*  mni't  produos  !■  md  to  aiaouitt  tu  tbo  v&luu  uf  lui  nuUionn  ot 
fnaot,  hai  motntlj  •ttneted  notioo  in  Franoo.  The  wax  im  white,  rvMuiblUi^ 
■{wnoaoetl,  and  ia  Mid  to  be  mperioc  to  that  of  tbo  bva 
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(dated  with  almost  every  object  important  to  the  material  in- 
torcRts  of  niQn.* 

Tilt  U'liiicitv  of  life  jKwsesrtcd  bv  many  insocts,  their  jirodl- 
ginitf  fecunilily,  tlie  length  of  time  tlii-v  ofttn  remain  in  the 
different  jihaties  of  their  emtcT)ce,i'  the  fiOL-urity  of  tlic  reu*eatft 
into  which  their  snmll  dimcusions  enable  tJicm  to  ivtire,  are 
all  circuinBtAii(;e8  vorv  favornblu  not  only  t">  the  perpetuity  of 
their  spucivs,  hut  to  their  transportation  to  distant  cliinHtt'»  and 
their  miiUiplicfttion  in  their  new  hoiuci*.  Tlio  lei-edojStJ  tifstriut- 
Hx'e  to  shipping,  ha^  been  earned  by  the  ve&^U  wh<»8e  wixxleu 
walU  it  mines  to  almoet  every  part  of  the  globe.  The  tcnuito^ 
or  wliitc  ant,  k  &aid  tu  Imve  been  brought  to  I^ehefoi-t  by  llic 
oomniereo  of  Uiat  port  a  hundred  yaars  agt'.:^  This  LTuature  is 
moi-e  iiijurionii  tn  wnoden  istnit'tun^ft  atid  iinpletnentit  than  any 
other  known  inwct.     It  eats  out  alinoat  the  entire  aubstance  of 


*  A  t»w  ^eun  iffo,  ft  laborer,  emplored  at  a  North  Amsrlcas  port  la  dto- 
ofayvtiV  ■  <w^  of  hidad  fioin  the  oppodiM  extrcinity  of  tha  ootiUnuiii.,  waa 
tatalHj  poiwaad  b^  the  bit«  or  the  Bliog  ot  on  tmknuwa  insect,  which  raa  oat 
fKm  a  bide  be  was  lumilliog. 

Tba  F^irliatera  tfutatrw-,  the  movt  deatniotiTC  pest  vrblcb  bu  ever  attacked 
Smaptan  Tuieyard»— (or  itt  niT^'M  are  fatal  not  merely  to  Um  fruit,  but  to 
the  Tin«  iWclf— is  said  by  uuiuy  unU>niiilut(uib4  to  Iw  of  Ameciooa  ongin,  bat  I 
bave  HHMi  BO  Booooat  of  bbe  mod*  of  it*  IntroUuctiou. 

f  In  nmajr  inaacki,  aome  at  the  Htogea  of  life  re^loriy  oontinuo  for  BCToral 
jean>,  aad  they  maj,  nnder  peouluu;  oirooiDalaooea,  be  almoet  indcGiutbly 
ftolonged.  Or.  Dw%ht  mentloiui  t1ie  fnllowiiig  reinaritahla  dsm  of  thia  sort : 
'*  I  uw  here  on  liuect,  about  on  in<ih  ia  lotetb,  of  a  brown  color  fibged  with 
ttrsnge,  wllh  two  antenuw,  nut  unlike  a  roMhoj;.  This  buieot  oune  out  of  a 
tea-Uble  taade  of  the  boards  of  an  appl«-trM."  Dr.  I>wlglit  fonnd  tha 
**(mvH>7  wbenea  the  imieot  bed  mnerged  into  the  ll^fht."  to  be  "  about  two 
lMh«a  In  laifKh.  Between  the  hole,  and  the  out«)do  of  the  leaf  of  ibc  table, 
therv  wvi«  forty  ifroirui  of  the  wood."  It  was  mppoAetl  tluit  the  anvrycr  aad 
th«  fabinct-ni&ker  miut  have  nmored  at  tr>a.<it  thirteen  ^fraht)!  nior^,  and  tbo 
table  had  bMB  In  the  poaaentdon  of  it«  pioprieuir  fur  twenty  ycam. 

1  It  dnea  not  appear  to  be  qnitfi  itctUi'd  whether  the  tenaltes  of  Fnmcc  ate 
tedifenoae  or  Imported.  8««  Qcatrkpaukik,  JHfuttnin  (Tun  yaturaUHe,  U., 
plh  400.  MS,  S4Jt. 

Th«  white  «nt  ha*  lalelr  appeared  at  St.  Ildpna  and  li  in  a  htj[h  defpTM 
dettractiTe,  no  wood  bnt  teak,  and  erea  that  not  olwajs,  rcDisUnf  it.— JV«* 
iwn  fof  March  2d,  1871,  p.  308. 
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the  wood,  leaving  only  tliin  partitions  between  the  gallcrlca  it 
excavates  in  it;  but  as  it  never  gnaws  tlnxMigh  Uio  &urfaL>o  to 
tlie  air,  a  stick  of  timber  «my  bo  abnoet  wliully  twiisumcd  with- 
out fihowiiig  any  external  sign  of  tlie  damage  it  lias  sastAiiied. 
The  termite  xb  foDud  also  in  otJier  pai'ts  of  France,  and  particu- 
larly at  Roclielle,  where,  tliub  far,  its  rtt\ages  are  cwiiiuC'ti  to  a 
siugle  quarter  of  the  city.  A  borer,  uf  similar  habits,  is  not 
nnoomnion  in  Italy,  and  you  may  see  in  that  cuuntry  haudsoiue 
cliairs  and  other  furniture  which  have  been  rednoed  by  this 
insect  to  a  framework  uf  powder  of  post,  covered,  and  appa- 
rently held  together,  by  notliing  but  tho  varnish. 

JJestntction  of  Insects, 

It  IB  well  known  to  naturalists,  but  less  familiarly  to  common 
obtervei^  llmt  (bo  a^iuatic  larva)  of  scune  insceU  wliieli  in  otber 
tH»g»  0$  thoir  existence  inhabit  tho  land,  ermstitutc,  at  certain 
SQasons,  a  lai^  pait  of  the  food  of  fresh-water  fiali,  while  oihei* 
iai'vffi,  in  tlieir  tura,  prey  upon  the  spawu  and  even  the  young 
of  their  persecutors.*  The  larvce  of  the  moi^quito  and  the  gniit 
are  the  favorite  food  of  tht;  trout  in  the  woodr?d  i-cgiuns  where 
those  insot-tA  alwmud.t     Karliur  in  the  year  the  trout   feeds  on 

*  I  biive  ieen  tbe  imrm  of  the  dngon-flr  la  an  acinarluta  \>U»  oft  tbft  hoad 
ct  a  yooog  8ili  ••  lung  m  it*elf. 

f  luBOObiand  Osh— which  pray  apua  anil  Food  each  obhor — mra  tho  only  (onoB 
of  aotmal  Ufo  th&t  ant  aiiiuoioiift  in  tho  nstivt)  wo<x1b,  and  th«i[  rnng«  U,  of 
ooune,  limtUtl  b;  tlio  extuat  of  the  waUm.  Tba  groat  abundonoe  of  the 
tnmt,  aod  at  othat  more  or  Iom  allwd  gvnec*  la  tibe  lakos  of  Laplasd.  Menus  to 
be  due  to  the  Kup])!^  uf  fowl  pruviilad  for  thorn  bj  tho  xwiLnns  of  imvcU  whiub 
in  the  laira  Male  hihablt  tbe  water*,  or,  la  oth«T  atagns  of  their  lift,  an  mif 
eidtmtall;  swept  LDtotltoia.  All  tisvcllvra  in  tho  north  of  Euiopcipealt  of  Lb« 
gatt  and  the  ntoAqnito  an  veiy  Hrioos  drawbaolu  apon  tha  «Diofm«nti  of  the 
aanuDer  tootist,  who  \mU  the  head  uf  tho  Oulf  of  Bothnia  to  sea  the  mid- 
night son,  nnd  the  brotben  JjmiMiUaA  ngani  tham  a*  ono  of  tlio  groat  plnpiee 
cl  anb-arctwi  life.  *'  The  pezaeoutioiu  of  thew  inscota,"  tay^  Lan  Levi  Lws- 
tadina  [  Caltf  pipiattf  Gular  rvptoju,  and  Valer  jniUearlt],  *'  leare  not  a  mo* 
mea^s  peace,  bj  day  or  nighi,  to  any  Hviag  cnattire.  Not  ontr  man,  boi 
csttio,  and  even  bitda  and  wild  heasta,  aofler  iatolembljr  from  their  bite."  Ha 
addt  Inanote,  "I  will  not  afflnn  that  they  Lave  ever  doroared  a  liTiu^tuaa, 
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Uie  larvaa  of  Ihc  ifay  fly,  which  w  itself  very  deetractive  to  tho 
e]ja\ni  of  the  Hilmon,  niul  lieiicc,  by  a  sort  of  hoiiso-that-Jack- 
built,  the  doetruction  of  the  mfSfiuito,  tlint  fecda  the  troot  that 
\)ti3\b  on  the  Miiy  tly  that  dcPtrovB  the  eg-gs  that  hatch  tlio  sal- 
iiiun  that  pnnipLTs  the  cpicare,  may  occasion  a  Bcarcity  of  this 
latter  fish  in  watcre  where  he  would  otherwise  be  abundant. 
Thii*  all  natnre  is  linked  t<igcthcr  by  iavisiblo  IkiihIr,  and  every 
orpnnic  creature,  however  low,  however  feeble,  however  de- 
pendent, ii  necessary  to  the  well-beiug  of  some  other  amou^  the 
ro\Tiad  fonus  of  life  witli  which  tlio  Creator  has  peopled  the 
earth. 

I  liftve  said  that  man  has  pmiiiuted  tlio  increaae  of  tho  insect 
and  tho  worm,  by  destroying  the  bird  and  the  fish  which  feed 
njwn  tlioiu.  Many  insects,  iu  the  four  dltTcreut  sta^  of  their 
growth,  ialiabit  in  Buuctiesion  the  earth,  the  water,  and  the  air. 
In  each  vt  thefio  elements  they  have  their  epeeial  enemieB,  nnd^ 
deep  ajid  dark  as  are  the  minute  roeessea  in  whieh  they  liido 
tbezDfielvcs,  they  are  pur&ucd  to  the  remotest,  tjbiicurest  enniera 
by  the  exeeutiouci-s  that  nature  has  ap|K>ii)tod  to  punish  their 
deliuijueneiee,  and  furnished  with  cunning  contrivances  for  fer- 
reting out  the  offenders  and  drag;;inglhoiii  intoUio  It^lit  of  day. 
One  tribe  of  birdB,  the  wootljieekers,  Boeius  to  depend  for  sul*- 
Bistence  almost  wholly  on  those  iusevts  which  breed  in  dead  or 
dyiii^  treed,  and  it  is,  perhaps,  needless  to  say  that  the  injury 
tbe^  birda  do  the  forest  ia  trnagiimry.  They  do  not  cut  hnlca 
in  the  trunk  of  tlie  ti-ee  to  prepai-e  a  K»dsftnent  for  a  futui*e 
c<^>loiiy  of  boring  larvjp,  but  to  oxtraet  the  worm  which  has 
already  Wgun  his  mining  lalwrs.  UeiK«  these  birds  are  not 
frtund  where  the  forester  removes  trees  as  fast  as  they  bcw>mo 
fit  habitations  for  Bnch  insectB.     In  clearing  new  lauds  in  tho 

but  ttihnj  joang  cattle,  sncb  aa  lamba  and  calvtM,  bsro  beoD  vroniM  nut  of 
tbrlr  tivM  by  th/Vta.  All  tbc  p«w>p]«  of  Lnplatul  de«lar«  thftt  ymatg  bird*  am 
IdOed  by  tliem,  and  tbis  Li  not  bnpiobiiblo,  for  binbi  ktr  ncnroa  ikftnr  mmoqb 
wbMi  lb*  inidga,  Cm  gnat,  snd  tb«  maaqnlto  me  ntundrona." — Om  UppotBUng' 
or  i  LnpjTfitorkfu,  p.  SO. 
IVtnui  XiKstadiiu  malcM  rimtlax  iitatemcDtB  In  bin  Joumai  Jor  JSrtta  <ir«t^ 
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United  States,  dead  trees,  eepecially  of  the  spike-leaved  kinds, 
too  much  decayed  toacn-c  for  timber,  and  which,  in  that  state, 
HTO  worth  little  fur  fuel,  are  often  allowed  to  &tand  until  they 
fail  of  dieinsclvcs.  Such  atubtiy  as  tliey  are  poi«i]arIy  calki.l,  are 
filled  with  borcis,  and  often  deeply  cut  by  the  woodpeukers, 
wbofie  strong  bills  enable  them  to  penetrate  to  the  very  heart  of 
tlie  tree  and  dmg  out  the  lurking  larvw.  After  a  few  years, 
the  Btnl)d  fall,  or,  w,  w<hk1  boconics  valnablc.are  cut  and  carried 
off  for  firewood,  and,  at  the  same  time,  the  fanner  aeletrts  for 
felling,  in  the  forest  he  has  reiierved  as  a  permanent  source  of 
snpply  of  fuel  and  timber,  the  decaying  trees  which,  like  the 
dca<l  stems  in  the  6cMs,Berve  an  a  lionie  for  Iroth  thewonn  and 
his  pursuer.  AVe  tlius  gradually  extii'[>ate  this  tribe  (if  JUHects, 
and,  with  them,  the  sj>eciefl  of  birds  which  subsist  principally 
upon  tliera.  Thns  the  fine,  large,  red-headed  woodjKrcker, 
J*icu4  ert/t/mh:ephahts,  fonnerly  very  common  In  Now  England, 
has  utmost  entirely  di.'^apiwmrod  from  th(«e  Staler,  since  the 
dead  trees  are  g<jnc,  and  the  applet*,  his  favurite  vegetable  food, 
ore  less  ahnndanU 

There  are  even  large  quatirupeds  which  feed  ahnost  exoln- 
sively  npon  insects.  The  ant-lwar  is  etnmg  enough  to  pull 
down  the  clay  houses  built  by  the  s|)cuic8  of  tcnnites  tliat  con- 
stitute his  urdiuary  diet,  and  the  curious  ni-ai,  a  climbing  ijuml- 
niped  of  Madagascar,  is  provided  vrith  a  very  slender,  hook- 
nailed  finger,  long  enough  to  reach  far  into  a  hole  in  the  tniuk 
of  a  tree,  and  extract  the  worm  which  bored  it.* 


Minute  Organitm*. 

Besides  tiio  larger  iidmbitants  of  the  land  and  of  tlio  sen,  the 
qnadnipedSr  the  reptilcA,  tho  birds,  tiie  amphibia,  the  cnistacea, 
the  fish,  the  insects,  and  tlie  wunns,  thei-e  are  other  ('<mntle»s 
fonns  of  vital  lioing.  Earth,  water,  llio  ducts  and  fluids  of 
vegetable  and  of  animal  life,  the  very  air  we  brejithe,  are  peo- 
pled hy  minute  organisms  which  perform  most  iui^tortant  fuao< 
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tlouB  in  both  the  living  and  the  inniiimatu  kingxloms  of  iiatni-e. 
Of  the  offices  assigned  to  these  creatures,  the  most  familiar  to 
coDimon  olfscrvatioii  \a  the  extratition  of  limo,  and,  more  rarolj", 
of  siU'x,  fn»iii  the  waten*  inhabited  by  them,  and  the  deposit  of 
the^j  minerals  in  a  solid  fonn,  either  as  the  material  of  their 
hahitatione  or  as  the  cxuvio;  of  their  bodies.  The  microscope 
and  i)thcr  means  of  ^ioTitlfii:  observation  atj^ure  us  that  tho 
dmtk-beds  of  England  and  of  France,  ihe  coral  reefs  of  marine 
waters  in  wnnn  cliniatCR,  raAt  calcareous  and  silic-ioiis  depoeita 
in  the  eea  and  in  many  fresh-water  ponds,  the  common  polish- 
ing earths  and  slutes.  and  many  species  of  apparently  dense  and 
solid  rock,  are  t!ie  work  of  the  humble  oi^nismB  of  which  I 
^Mik,  often,  indeed,  of  aitimalcuhe  so  small  as  tn  become  visi- 
ble only  by  tlie  aid  of  leupes  magnifying  thoufMinds  of  times  tho 
linear  measures.  It  is  juvpnlarly  siippoaed  that  animakulof,  or 
whut  are  c<mimiinly  einbruccj  under  the  vague  name  of  infuso- 
ria, tuhaV.it  the  water  alone,  bnt  natnmlinta  have  long  known 
that  the  atmospheric  dupt  ti-anaported  by  every  wind  and  de]toe- 
ited  by  every  calm  is  full  of  microscopic  life  or  of  its  reliiis. 
The  soil  on  which  the  city  of  Berlin  etau<U,  contnins,  at  the 
depth  of  ten  or  fifteen  feet  bol"W  the  surface,  living  elalwrators 
of  Hilex  ;  •  and  a  micrrwcojtic  examination  of  a  handful  nf  earth 
connected  with  the  material  eriderces  of  gnilt  has  enabled  tliu 
naturalist  to  [>4iint  ont  the  very  spot  whera  a  onnte  wn^  com- 
mitted. It  has  been  computed  that  oiiu-eixth  part  of  the  solid 
matter  let  fall  by  groat  rivers  at  their  outlets  consists  of  still 
reot^iizablo  infnsory  sheila  and  shicldR,  and,  aa  tho  friction  of 
rolling  water  ranflt  reduce  many  of  these  fragile  strnctnres  to  a 
state  of  uomminntion  which  even  the  microscope  cannot  resolve 
into  distinct  particles  and  identify  as  relics  of  auimal  or 
of  vegetable  life,  we  niufct  conclude  that  a  considerably  larger 
l>roportion  of  rirer  depositii  is  really  tho  product  of  animal- 
onleB.t 


•  Wpttwkr,  PhyrikaUfAa  Otoffraphis,  p.  1-19. 

f  ToT«7tbe  phnuw,  t  make  oocMJonal  oneof  irnfffMAiu/f,  wfafoh,  u  •  popo* 
lar  tltMiguation,  omliruoca  kU  iiuoro«oo|)ia  orgmnluiu.     The  tiam«  is  founded 
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It  is  evident  that  the  chemical,  and  in  manj  cases  the 
mechanical,  cbaractur  of  a  great  number  of  tlie  objects  mipor- 
taut  in  the  material  economy  of  human  life,  must  bo  affected 
by  tiie  presence  of  so  largo  aa  oi*fjftnJc  element  in  their  sab- 
etancjc,  and  it  ia  e^jiially  obvioii8  tliat  all  n^rtcultuml  and  all 
industrial  operations  tend  to  disturb  tlie  nntuml  aiTangoments 
of  this  element,  to  increase  or  to  diminish  the  special  adaptation 
of  every  medium  in  wliich  it  lives  to  the  pai-ticular  orders  of 
being  Jnliabited  by  it.  The  convei-sion  of  woodland  into  pas- 
tun^,  of  pasture  into  plough  land,  of  swamp  or  of  shallow  sea 
into  dry  ground,  the  ri")tation8  of  cultivated  crops,  mnst  prove 
fatal  to  millions  of  living  things  upon  evcrj-  rocd  of  sm-face 
thus  deranged  by  man,  and  must,  at  the  same  time,  more  or 
less  fully  compensate  this  destruction  of  life  by  promoting  the 
f^rowth  and  multijilication  of  other  tribes  oquaJly  iniuute  iu 
diinenaiona. 

I  do  not  kuow  that  man  has  yet  endeavored  to  avail  himself, 
by  artificial  contrivances,  of  the  agency  of  lliese  wonderful 
architects  and  manufacturer.  W^o  are  hardly  well  onongh  ac- 
quainted with  their  naltiml  economy  to  devise  means  to  turn 
tlieir  industry  to  proHtublo  aceotmt,  aud  they  are  in  very  many 
cases  too  slow  in  producing  visible  results  for  an  age  so  impatient 
aa  ours.  The  over-civilization  of  the  nineteenth  century  cannot 
wait  for  wealth  to  be  amuased  by  iiiiinitcsimal  gains,  and  we 
are  in  Im&to  to  sjfcculaU  upon  the  powers  of  nature,  as  wo  do 
ti]>on  objects  of  Wrguiii  und  sale  in  our  tratlickiug  one  with  an- 
otlicr.  But  there  are  still  some  cases  where  the  little  we  know 
of  a  Ufe,irhoee  workings  are  invisible  to  the  naked  cyo,  sog- 
gesta  the  puasibility  of  advantageously  directing  the  efforts  of 

oo  tlie  now  exploded  mppodttoc  that  oU  of  tbom  ore  omitiAted,  wbiob  vna  the 
gmetal  belief  of  nftCanillito  wiien  im«nti(ni  wa«  tint  ilrawn  to  tbem.  It  wu 
wxni  dteoivcred  thai  manj  of  theni  wmn  naqiMrtioiiablj  vogvUbto,  Hod  then 
ue  numerotu  geaerk  tbc  true  dasUootioQ  of  whiob  U  matter  of  dispato  aiaaag 
Ao  ablart  obsensn.  Tbere  u«  rrtimn  (n  which  obj«oU  formoilj'  taken  for  Ut- 
b^  anlnuilcalta  tnm  oat  to  ba  produota  of  tlia  dooampgnlion  of  maitai  ouoa 
aaimiited,  aad  it  ia  kdautted  that  neither  •pouUneotu  motloB  dot  ereo  Alipa> 
not  ixritabilit/  an  mxtv  dgut  of  aoimal  life. 
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tsoeps  of  artigans  that  wc  cnnnot  &ce.  TTjxm  coasts  occupied  by 
the  corallines,  the  reef-lmilc3ing  animnlciilo  doeH  not  work  near 
tlie  mouth  of  rivcre.  Ucnce  the  chajigo  of  tlie  outlet  of  a  stream, 
often  a  very  easy  matter,  may  promote  the  constnu-.tion  of  a 
barrier  to  coast  navigation  at  oiio  j>oitit,  and  check  tJic  forma- 
tion <)f  a  reef  at  another,  by  diverting  a  enrrent  of  fresh  water 
from  the  former  and  pouring  it  iiit«;i  the  sea  at  the  latter.  Cases 
may  probably  be  found,  in  tropieul  Beas,  where  rivers  have  pre- 
vontetl  the  working  of  tlie  coriil  animalcules  in  straits  separating 
islands  from  each  other  or  from  the  mninliiiid.  The  diversion 
of  each  streams  mi^ht  remove  this  obsbide,  and  recfi;  conso- 
quently  bo  formed  which  ehould  convert  an  ardiIi>oIagi>  into  a 
Kiiigle  large  island,  and  finally  join  tliat  to  the  ucigbboring  con- 
tinent. 

Quatrefages  proposed  to  destroy  tlie  tei-edo  in  Imrboi-s  hy  im- 
pregnating the  water  with  a  mineral  srilution  fatal  to  them. 
Perbops  tJie  labors  of  the  coralline  animals  might  be  arrested 
over  a  considerable  extent  of  sea-coast  by  similar  means.  The 
rcof-bnilders  are  leisurely  architects,  but  the  precions  coral 
ie  formed  so  rapidly  that  the  bedfi  may  be  refished  advantage* 
onsly  as  often  as  once  in  ten  years.*  It  does  not  eeem  impossi- 
ble that  branches  of  tltis  coral  might  be  attached  to  tlie  keel  of 
a  ship  and  transplanted  to  the  Arnericftn  coast,  where  tho  Gulf 
stream  would  fiirnieli  a  suitivblo  temiwratnro  beyond  tlie  clima- 
tic limits  tbat  otherwise  confine  its  growth ;  and  tlms  a  bcw 
Boarce  of  profit  might  perhaps  bo  added  to  the  scanty  returns 
of  the  hardy  fisherman. 

In  certain  geological  fonnatioiis,  tlie  diatfjmaccra  deposit,  at 
the  bottom  of  fresh-water  ponds,  beds  of  silicious  shields,  valu- 
able as  a  material  for  a  speciee  of  very  light  iirehrlck,  in  tho 
mauufucturc  of  water-glass  and  of  hydraulic  cement,  and  olii- 

"  The  mallMit  %wig  of  tli«  prodoaH  oor&I  thrown  l»ok  into  tho  ma  attadiM 
flaelf  to  tho  bottom  or  &  rock,  tad  gnyws  ■■  wall  m  on  ita  native  Htcm. 

B««  an  iatarentiiig  report  ou  Ut«  corml  fiabarjr,  bjr  8Aiit'  Agnljio,  Italtui  Cou> 
nl-Oenenl  at  Algiera,  In  the  BoUettiuo  Cantobm,  ptibliabcd  by  the  Depart* 
ment  of  Foreign  Affuxs,  18t)3,  pp.  139,  161,  and  in  tho  Annattdi  AgricoUvra 
AtOiutHa  «  Ccmmmio,  Ma  a,  pp^  8O0,  873. 
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matel}',  doubtleee^  m  maii}'  yet  uudiscovorod  indastnal  proccssce. 
An  uttfiitive  stiniy  of  the  c-oinliti^Jiis  favorable  to  the  pnij«if^- 
tiun  of  tilt-  diatottmcoiE;  might  ^Hirliaps  hclj)  ns  to  profit  liiroctly 
by  the  productivity  of  tliU  organism,  and,  at  the  eame  tJine,  dis- 
closo  secrets  of  imtiirc  cu|>able  of  being  turned  to  valuable  ae* 
count  ill  deuUng  with  siliciuiu  rucks,  aud  the  metal  which  ia  the 
base  of  thent. 

Oitr  acquaintance  u-jth  tho  obscure  and  infinitesimal  life  of 
which  I  have  now  been  treating  i*  very  recent,  and  still  very 
iiiipcrfcut.  Wc  know  that  it  is  of  vast  iinportanco  in  geol- 
ogy, bnt  we  arc  so  ambitious  to  grasp  tho  grc;at,  so  little  acuofl- 
toinod  til  occupy  ourselves  with  tht?  minute,  tluit  we  are  not 
yot  prepared  to  enter  seriously  upon  the  question  how  far  we 
can  control  and  utilize  the  ojjerations,  not  of  iniemlKjdicd  phy- 
siciil  forces  merely,  bnt  cf  lyings,  iti  popular  appreliciuiiou, 
almost  as  immaterial  a&  they. 

Dif^rianoe  of  JfiUuml  Unianofs. 

It  ifi  highly  prohablii  that  the  reef-bnilderft  and  other  yet  un- 
studied minnto  forma  of  vital  exUtenco  have  other  fonctioua  in 
the  economy  of  natnre  bci*ides  aiding  in  the  »ix;hitecturc  of  tho 
globe,  and  stand  in  iinjHtrtant  rolutii>im  not  only  to  man  lint  to 
the  plants  and  tho  larger  sentient  ci-eatiires  over  which  he  liaa 
dnnnnion.  The  dimiimtion  or  mnltiplication  of  these  unseen 
friends  or  foes  may  be  attended  with  the  gravest  consequences  to 
all  his  material  interests,  and  ho  is  dealing  with  dangerous  weft- 
pons  whenever  he  interferes  with  arrangements  pre-estabHahed 
by  a  power  lughcr  than  his  own.  Tike  equation  of  animal  and 
vegetable  life  is  too  complicated  a  problem  for  human  itilelli- 
gen<e  to  solve,  and  we  can  never  know  how  wide  a  circle  of 
diitnrbance  we  produce  in  the  harmonics  of  nature  when  wo 
throw  the  smallest  pebble  into  the  ocean  of  organic  being. 

Tliis  nmch,  however,  the  facts  I  have  hitherto  presented  au- 
thorize us  to  conclude :  aa  often  as  we  destroy  the  balance  by 
deranging  tho  original  proportions  between  different  orders  of 
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epontancoufl  life,  the  law  of  self-prpservation  requires  ns  to  ro- 
Btctrc  the  cqnilibrinm,  by  eitiier  directly  returning  the  weight 
abstracted  from  one  scale,  or  removing  a  corresponding  quan- 
tity from  tlie  other.  In  other  words,  dostnictioii  ritust  be  either 
repaired  by  rep  rod  net  iun,  or  eoii)iH!i>Hated  by  new  deatructiou 
in  an  opposite  quarter. 

Tlie  jiarlur  aiinarium  hastanglit  even  those  to  whom  it  is  but 
an  amiuing  toy,  that  the  balance  of  animal  and  vegetable  life 
mnst  be  preserved,  and  that  the  excess  of  oithcjr  is  fatal  to  the 
other,  iu  the  artificial  tank  as  well  as  in  nntural  waters.  A  few 
yean  ago,  the  water  of  the  Cochituate  aqncduct  at  Boston  be- 
came so  offensive  in  smell  and  taste  aa  to  be  qnite  nnitit  for  nee. 
Scientilic  investigation  found  the  cause  in  the  too  ecriipulana 
care  with  whidi  aquatic  vegetation  Iiiul  been  exclnded  from  the 
reservoir,  and  the  eoiisequent  death  and  decay  uf  the  luiinial- 
culee-,  wliieb  could  not  bo  shut  out,  nor  live  in  the  water  wilh- 
ont  the  vegetable  element." 


AninuUcular  L^fe. 

Nature  has  no  unit  nf  magititude  by  which  she  measures  ber 
worVs.  Man  taken  his  standards  of  dinienpioii  from  Idntaelf. 
The  hairV  bi-eadth  was  bia  minimnm  tmtil  the  microsenpo  told 
him  that  there  are  animated  creatures  to  which  oneof  the  liairs 
of  hiB  head  is  a  lai-gcr  cylinder  than  is  the  trunk  of  tlie  giaut  Cali- 

*  It  U  nmarkable  Uiat  Palkajr,  to  wIiom  great  meril«  u  ta  ftcnte  olaorrer 
I  un  luppjr  to  lukve  frec|nent  otuwilon  to  bear  tcstlmonr,  had  noticed  that 
vegctAlioD  wu  nwfOMUy  to  maiiitaiu  the  puiitj  of  w&ti^  in  artifidal  reocc* 
Toin,  thnuifh  he  mistook  the  rntinnolA  of  itA  [nflannoc,  whioh  h«  a«crib«^  to 
the  elemeatal  "«alt"  sup|XMed  bybioi  toplajrau  uit|iwtaiit  part  io  all  ths  ope- 
raiiann  of  uatare.  In  hU  trcotJiwi  npon  Wat«n  anil  Fouotaiiut,  p.  ITt,  nf  tho 
teprint  of  Lt:f44,  be  mjn:  "  Aad  in  apocuJ,  tbou  shalt  note  oo«  jKiint,  the 
which  is  undentood  oE  fetr :  that  In  to  saj,  that  the  leaTca  of  the  tre«a  wlucta 
(all  Dpon  th«  p&rt«rT«.  and  the  herba  |;To«Hng  bcnnth,  and  an'ifnlarlj  the 
hnilB,  if  anjr  thero  be  n\*oa  tho  tren,  bMng  ducayod.  the  waton  of  the  par- 
tatre  ehall  dr-iw onto  thom  iho  salt  o(  the  sail  truita,  teare*.  uid  berka,  the 
lAiflh  ahallgroati;  better  the  water  of  th;  fooatiiins,  and  hinder  the  pulrafao* 
kioo  tbercoF.'' 
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foniia  seqvoia  to  hirn.  He  borrows  hia  inch  from  the  breadth 
of  hJB  thumb,  his  palm  and  span  fi-om  the  width  of  his  hand  and 
the  »prcad  of  his  fingers,  his  ffot  fi-om  the  lengtli  of  theoi^ii 
fio  iiaiiuKl;  Iiis  cubit  is  the  distiuH-o  fmin  the  tip  of  Me  iiiidcllo 
linger  to  his  elbow,  and  his  fathom  is  tho  space  be  can  rricasni-o 
nitU  his  ontsirelc-bed  amis.*  To  a  being  who  iiiplinctively 
finds  the  Btaiidard  of  all  magnitudes  in  his  own  material  frame, 
all  objects  cxeecfiin^  hia  own  dimensions  are  absolutely  great, 
jit!  falling  nhort  of  tbeni  absohitcly  fin>al!.  ITenco  we  Imbitn- 
aily  regnnl  the  whale  and  the  elephant  oa  psfientially  lai-j^'e  and 
therefore  important  creatures,  tho  animalcule  as  an  esst'iitiaUy 
Knall  and  thcrefnre  unimportant  orf^nism.  Hut  no  prolo^ical 
formation  owes  its  un^in  to  the  labors  or  the  remains  of  tlie  huge 
mammal,  while  the  animalcule  eomjwees,  or  has  furnished,  tho 
snbstanee  of  strata  thousands  of  feet  in  thickness,  and  extend- 
ing, in  unbroken  beds,  over  many  degrees  of  terrestrial  surface. 
If  man  is  destined  to  inhabit  tho  earth  much  longer,  and  to  ad- 
vance in  natural  knowledge  with  the  rapidity  wliicb  has  marked 
Lis  progress  iu  phj-aleal  scicueo  fur  the  last  two  or  three  ceutu- 

*  The  Yrvnfh  metrical  vyiA/em  immma  dpstinod  to  tw  ailopiotl  ttiron^h'ttit  the 
cinli2«<l  world.  It  ia  uidv«d  recommendod  hy  gxvutndvaatasn,  but  it  is  Tcrj 
doobtfRl  whvthcr  the;  org  not  more  than  coanterbiilkruwd  by  tba  aokictiaD  of 
too  Uige  a  uoit  of  mnuura,  and  by  ibe  mliotcut  iatrnctabilit;  of  oU  d«cuaal 
KjttnDs  wlih  Tvtcnaee  to  fractional  divistooti.  Tlie  cxpi'rfvncc  of  ttir  whole 
wvrld  bos  ntablubcd  the  mpcrior  oonT«nient<*  of  a  Butnller  unit,  nich  bb  tb« 
brticcio.  the  cnbit.  the  foot,  and  thr  palm  or  npiui,  and  In  practlnsl  Mh  ereiy 
mnn  flnda  tliat  liv  boa  much  more  frequent  oociunon  to  use  a  frrietlon  than  a 
mnltijilG  of  IJ)4  metro.  Of  cpontft.  li«  nimit  ojnKtaiitl;  diniiln^'  nurnben  ez- 
[uteclre  of  aeTfrol  ccntimetm  or  niilllmetrei  iaitead  of  tho  tL-itno  of  &  Magiu 
fmaUer  nnlt  thnn  the  metre.  Realdf^,  the  metre  is  not  divisible  into  Ivrclfthir, 
e!r:*ithR,  kizUu,  or  thirds,  or  the  mnltiplea  of  sny  of  thtwe  prot>ortJona,  two  of 
'Vrhich  ai  joaat — the  ^hth  and  the  third— are  of  aa  fircqnent  uac  aa  aaj  otluv 
fmctioDS.  Tb«  adoption  of  a  fourth  of  the  earth's  circamfereBoe  as  a  hHe 
flat  the  ne^  meMorcs  was  it«clf  a  departitre  from  the  dodmal  syetem.  Had 
the  OonunlwlonCTi  talcm  the  entire  cin-iimfcrcnce  as  a  baae,  and  dirii^ed  it 
intii  100,000,000  Inotnid  nf  ]O.W>0.000  parts,  wo  should  have  had  a  nuit  of 
dboQt  dxteen  InebM,  vliich,  as  a  mnipromine  l>etwpen  the  fool  soi'l  the  mbit^ 
wdbIi]  hare  been  moch  hotter  adaptod  to  imiTenal  nse  than  ao  large  a  unit  aa 
the  mebb 
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ries,  ho  will  leara  to  put  a  wiser  fistinijito  on  (Uo  works  of  crea- 
tion, and  will  derive  not  only  great  instnictioii  from  studying 
the  waja  of  natnre  in  her  obscurest,  humblest  walks,  but  great 
material  advaiita<^  from  stimulatiui;  her  pi'wlnctive  ener^es  in 
proviii<.-es  of  her  empire  bithuito  regarded  as  forever  inaccess- 
ible, titterlv  barren.* 


*  The  fErmcntAtion  of  liqaiils,  onil  Is  raanj  cwea  tho  deoonpuiddoi)  of 
•9inl-idti(lB.  formerly  lupposed  to  be  oviny  ptuely  to  obemkal  BCtioB,  vo  now 
uaribod  bj  numj'  chanista  to  ritol  proocawa  of  lixlng  ininate  orgiuilsnu, 
botli  TtvetaMe  and  utinibl,  And  coD«e(|Deiitly  to  pbytlotogkol  as  wruU  an  to 
eh«mitid  forora,  Eren  «loobol  \a  stated  to  botm  animal  product  Thn  who1« 
•nbjcct  of  nuim&lcular,  ot  ratber  minute  or|[uuic,  Uf«,  tiaii  OMumeil  a  new  and 
rtanling'  importoooo  from  tbfl  rect-nt  researohBH  of  naturaliHtft  and  phvaloto- 
fUtt.  in  the  agcacy  of  such  life,  veyetable  oi  animal,  la  exuilint;  and  Dummu- 
ItkMing  oootogioui  disoiuHM,  aud  it  ii  c^tromcl;  prabaMo  that  what  ara 
Tagnnljr  called  iffrma,  to  wbioh«Ter  of  the  OT;^anio  kingdoms  thor  may  h«  w- 
«tgn»iJ,  creatarM  tnhAbitin^  vnn'onB  media,  and  capable  of  propa^tiii)r  their 
kinfl  iukI  rapidly  maltipl.riiig,  are  tho  tmu  BGcda  of  iufoctton  and  death  ht  tbe 
tnaladjca  cow  colled  Ejruotic,  as  weH  perhaps  w  in  man]*  obhora. 

Tbe  Utcistare  of  thb  itiiViji^ct  is  now  yerj  volumlnoiiti.  For  obnemtioDa 
with  high  mlcxoMopic  power  on  thia  aubjfict,  iie«  Bkalv,  Diteau  Oerms,  Utrir 
fippoud  XfittiT^,  and  iHtnue  Oemu,  Uuir  rftil  ^atur«^  both  publlahed  in  Lon- 
don b  1870. 

Tbe  iDcraaHod  frG^inenny  of  tj-pboida),  eyrantio,  and  malarlotia  dtaeuo*  in 
■ocae  part*  of  the  U&it«d  St»te»,  aud  the  now  oommon  oocurrvoce  of  soma  of 
them  in  durtrictA  whera  tbey  were  aiiknown  forty  yeare  ago,  are  stertlfaifc  ftota, 
and  It  U  a  very  interetUug  ijueiitioQ  how  far  taan'a  acts  or  soglectn  may  bav« 
occaaiaaed  tbe  chanfo.  Sen  Third  Annuat  Uepari  of  AfoMarhusftta  HtaU 
BMtrd  of  ITftM  for  1873.  Tbe  c«ti»6A  and  rouedi««  of  tbe  inptnlubrity  of 
Borne  and  its  eDTiroui  hare  bcno  for  some  time  the  objeot  of  <nrnful  inveatl* 
Batloa,  and  many  yalnable  reports  bavo  been  puhlUhed  on  the  siibJMC 
Among  Uie  noet  recent  of  theac  are:  Ileiiuione  tivlle  wndiiioRt  offrarit  trt 
igifnirhe  Affo  Campagnn  tli  Iirm.i,  j.*r  RAPrAKLB  PARKTO ;  Va\n(  Stvrki 
tvOa^fwdcnt  drir  AffroJfimi'tnifdiQ.  Queiizoni;  Cennl ttiQe tond^ont FWoh 
teim^mkhe  di litimn  per  T,  Giordano;  and  a  very  important  paper  in  thtt 
Jotunal  £«  SptriinenitUn  tot  1870,  by  Or.  D.  FA>'rALeoNL 

There  are  climatoa,  parts  of  Colifornin,  for  {niitance,  where  the  fleab  of 
dead  animals,  freely  exposed,  abows  no  tcndonciy  to  pacrefaodon  bat  drlea  np 
and  may  be  almost  indcflnitt^  proscrvud  in  this  condition.  Is  this  owinjp  to 
tho  abttenoe  of  dastructiTv  onimalonlar  life  in  such  localities,  and  ban  man  any 
igenoy  fn  the  iittrodnction  and  nntonilisatioo  of  these  oqputlanii  in  regloua 
pntlooaly  not  infeited  by  ihom? 


ciuPTER  ra. 


THK  WOODS. 

The  bnbitabla  cnrth  oripnolly  vooded — Qeaen]  meteorological  inflneaoo  o( 
tb*  forMC — Eleotrical  actioQ  of  trees — Cb«mkal  influ^^noc  of  woods — 
TroMM  pmtecUnn  a|{nin>t  miJaim— Tretin  m  nhelter  to  ^frou&d  to  th« 
leevmrd — [nlta^nce  of  Uie  forest  as  inoppinio  on  temperatara — Thnrrao- 
matcioal  MotiOQ  of  trow  m  organio— Total  intluecoe  of  the  fonat  on 
tcmpentoM — loflaeiMW  of  foresta  a*  inorsanlo  on  bttmiditr  of  tax  ud 
Mutb — InfliienoR  v  orpuiic — BaJaoon  of  conflicliiig  influenoeat — IiitlDeDOA 
of  wood*  on  predpiutioii— Total  climatic  action  of  the  foreirt — Intla«iie« 
of  tho  forest  ou  bumtdity  of  soil — Tlie  forest  iu  winter— Summer  raiu, 
importAiic*  of— IntloAnoe  of  tb«  forent  on  tJie  flov  of  Bfningii — Iiiftocncd 
of  the  torwt  on  iBUiidations  •ml  torrent* — DeftraotiTe  ootion  of  torrent* 
— Floods  of  tho  AidteliB — KscavatJou  by  torrents — Extioctian  of  tummbi — 
Cnubiug  force  of  toneuls — Tnuupoitiiig  power  of  water — The  Po  aad 
ttx  depodta — Mountain  alidai — Forcai  aa  protection  agninxt  aTOlancbea — 
Minor  usm  of  tbe  foreet — Small  for«fi  plaata  and  ritality  of  aeeda — 
Loonata  do  not  breed  In  foresta — Oencral  fnnoUons  of  fareat — Ooneral 
coaieqoeooea  nt  deattuoiioa  of — Dae  proportion  of  woodland — Propor- 
tion of  WDodlimd  in  Gunipean  ooantnaa — Foreals  of  Qroat  Britain— 
ForeatB  of  France— Por«<ta  of  Italy— Poreato  of  Gennany— Forests  of 
United  States— Am eriuui  fotv-'t  trees — European  and  American  foreel 
treea  compared — Tbe  foieai  do««  not  fnnuab  food  for  man — Pint  ie> 
moral  of  tbe  foraat — Principal  caoaaa  of  deaUnctJon  of  forest — Deotmo- 
tiOD  and  proteotioiD  of  foresta  by  goTenunenta — Boyal  foresta  and  game- 
laira — EITeele  of  tbe  Prencb  revolutiun — lacroaBcd  demand  for  lumber — 
Effects  of  burning  forest — Floating  of  timber — Rostomtioa  of  tbe  forest 
— Economy  of  the  focast — Poceat  legiaUtion — Plantation  of  foreebi  In 
^muftf — p{n»t.M«i  temlta  of  forest  pUotstiooe— laatability  of  American 
Ufa. 


The  ITahit(Ale  Earth  oTigmaily  Wooded. 

TiiEBE  U  good  reaftjn  to  believe  tliat  the  surface  of  tlto  habi- 
table earth,  in  all  the  climated  and  re^ona  which  bare  been 
tbe  abodes  of  dense  and  civilized  popnladoos,  was,  with  few 
excopUcHis,  alreadj'  covered  with  a  forest  growth  when  it  ilnt 
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became  the  home  of  man.  This  wc  infer  from  the  cxtcneive 
ve^ablo  remahis — trnnkf*,  braiichos,  j-oots,  fmits,  fieeds,  and 
leaves  of  trcos — so  often  found  in  fionjunction  with  woi'ks  of 
primitive  art,  in  the  b(tg£ry  «>il  of  distrifts  where  no  foroBts  ap- 
pear to  have  existed  within  Uie  eras  throngh  which  written 
amuls  reach ;  from  ancient  historical  recordsj  which  prove 
that  lai^  jirirtinceR,  whei-e  Uio  earth  lias  Unig  been  wholly  bare 
of  trees,  were  clotlied  with  vast  and  almost  inibrolten  woods 
when  first  ma-lo  known  to  Greek  and  Roman  civilization;* 
aud  from  the  state  of  much  of  North  and  of  South  America, 
tm  well  aa  of  many  islands,  when  thoy  were  di9corci*ed  and 
colonized  by  the  European  rftce.+ 

These  evidences  are  Rtrongihened  by  observation  of  the  na- 
tnral  economy  of  onr  own  time ;  for,  whenever  a  tract  of 
country,  once  inhabited  and  cultivated  by  man,  is  abandoned  by 
him  and  by  domestic  animals,  and  surrendered  to  the  nndis- 
torbed  iidliiencea  of  epontaueons  nature,  its  soil  sooner  or  later 
chtthes  it«lf  witli  horl»ac6on«  and  arl>orescent  plants,  and,  At 
no  long  interval,  with  a  dense  f(irt»t  gn>wth.  Indeed,  upon 
Borfaces  of  a  certain  stability  and  not  absolntely  preeipitona 
inclination,  the  f^pecial  ooiulitlouB  required  for  the  spontiineous 
propagation  of  trees  may  all  be  neiratively  expressed  and  ro- 
dnced  to  these  three:  exemption  fmrii   defect    or    exce^  of 


*  The  rtconl<Kl  ovidonoQ  ia  support  of  the  propoeltion  in  the  tost  haa  been 
collected  bj  L.  F.  AJfrsd  Maory,  in  his  Baioirt  dor  ^rande$  ForfU  tU  la 
Oaxiie  4t  tU  Fantittmt  /Vkiim,  wnd  hy  BocKiuvrol,  ia  his  important  work. 
Dm  tthaatt  ei  tU  PlnfltuMi  ft^eunent  Ut  Si*  bcisit  et  non  boith,  line  ii., 
efaap^  L  to  it. 

V*  BU17  rank  nmnag  hlstaHcal  cridt^ncM  on  this  point.  If  not  tMhnioally 
UKMc  Urtorioal  rsouids,  old  goofraphicnl  naini^a  and  tGrminfttioiia  etymo- 
loftaDr  IndlcKttng'  forwit  or  ffrove,  which  nrc  m  common  in  auatj  parts  of 
the  BoiUxm  CtmUnont  aav/  uatiraly  stnpp<^d  uf  woodfl — i>ach  iu<,  in  Boiiihcm 
Bnrope,  Breull.  Bro^llo.  BroUo.  nr»lo ;  in  Northent,  Iliiihl,  and  the  en'Iings 
•dBsa.  -den,  -don.  -ham,  -holt,  •honst,  -bant,  •land,  -Kh>w,  -flhot,  -skog,  -flfcoT, 
•wnld,  -w«ild,  'WoId,  -wood. 

t  The  idduiul  of  Msdeiim,  wboM  boble  fore«iU  wore  derortatod  by  fire  doC 
lang  after  it«  ooloiilzittian  hj  European  »;ttlent,  tolcca  its  mtna  frotn  tbe 
PortQffueee  word  for  wood. 
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moi&turo,  from  perpetual  froet,  and  from  tiio  depredatious 
of  uaii  and  browsing  quadrupeds.  Where  tbese  requifiitea  are 
Becured,  the  Lardc^it  i\H:k  is  as  cortaiu  to  be  ovorf^rowu  with 
wood  as  the  iniMt  ferlilv  plain,  thuugh,  fur  ubviuuti  mastmH,  the 
pixicces  18  slower  in  the  furtnor  than  la  tlio  latter  csfie.  lAchcaa 
ftiid  in«)s8c&  first  prepare  tlie  way  for  a  more  highly  nrgauizcd 
vc^ctiUiuiL  Tiioy  retain  the  moieturo  of  rains  and  down,  and 
bring  it  to  ac%  in  cciinbiiiatton  with  the  gases  evolved  by  tlieir 
or<;antc  proce&i>cs,  in  dccoinpofiing  tlie  Kurfaco  of  the  rocks  tliey 
cover;  thoy  arrest  aJid  confine  the  dust  which  tlie  wind  scotterg 
over  them,  and  their  final  decay  adds  new  material  to  the  soil 
already  half  formed  beueath  and  141011  them.  A  Tcr>'  thin 
Btratnm  of  mould  is  sufEeicnt  forihc  germination  of  Bceds  of 
tlie  hardy  evei-groens  and  bireho^,  the  roots  of  which  are  often 
funnd  in  iniinedialo  contact  with  tlie  rCKsk,  fttipplrint;  their  trees 
with  iiourishmonc  from  a  soil  deepened  and  enriched  by  the 
decoiupueiiioQ  of  their  own  foliage,  or  sending  out  hm^  nKit- 
lets  into  iJie  siirnHuidlng  earth  in  search  uf  juices  to  feed  them. 
The  eruptive  matter  of  volcantiea,  forbidding  as  is  its  aspect, 
dt^ies  not  refuse  nutriment  to  the  woods.  The  refractory  lava 
of  Ktno,  it  ia  true,  remains  long  barren,  and  that  of  the  grpot 
©rn prion  of  IGtiO  instill  almost  wholly  devoid  of  r<^etaUon.* 
Bat  tlic  cactus  le  making  inroads  even  here,  while  tlie  volcanic 
Band  and  molten  rock  thrown  ont  by  Vesuvius  soon  U'uome 
productive.     Before  the  great  eruption  of  lfl31   even   the  in- 

*  EtfO  iha  Tolcaoio  dost  of  Etna  retnuna  t«i7  long  uopntdootiva.  Neftr 
Kioolmi  U  a  gruat  o.stnat  of  num)  black  unil,  thruwu  ont  in  IMS,  whioh, 
for  almoil  two  ccatiixi«a.  Ujr  eatti^  ban,  and  can  b«  nudo  to  gtow  pluiu 
onlj  \ty  aitlfidal  mixtorM  and  mnob  labor. 

The  iDcnaM  in  the  prio*  of  wine*,  to  eooMqaono*  of  tht  dimioutioti  of  tlta 
prodoot  from  tbo  gape  dlaeaM.  boweror,  hm  brouj^t  cvon  tlicfw?  Mhw  nndct 
onltiratiou.  "  I  found,"  mjb  WalMnbaoeen,  Mtecdog  to  tbo  jtcms  ie81-<BS. 
"  pUbn  of  Tt^flanio  mod  and  balf-nubclned  lara  etrBanu,  which  twDtjr  jvaa 
SCO  l»j  atterly  waite,  now  oovervd  wttb  flne  riaeTardi.  The  a«bfleU  of  tea 
Minare  milw  abov«  Xioola«,  created  by  tfae  ernptioa  of  1600.  whiob  was 
ttiety  banea  ia  183},  is  now  pUnted  wltii  vtnca  alnort  to  the  nniitta  of 
Monte  Itamo,  at  a  height  of  three  thoiunnd  foei."— (/e^  dm  BieiiiaitiMhen 
Aekaim,  p.  IS. 
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leriiT  cif  tho  crater  wa«  coveroil  with  vegetation.  Goorgo 
&anilj-&,  wlio  visited  Ve6iiviu»  in  1011,  after  it  bad  rei»o«ed  for 
several  veiUiiries,  found  the  throat  of  tho  volcano  at  tlio  bot- 
tom of  the  crater  "almost  choked  with  broken  i-ocks  and  irets 
tliAt  arc  falne  tlici-oin."  "  Next  to  this "  ho  continues,  "  the 
matter  thn>wn  up  is  ruddy,  light,  aud  soft:  triuro  removed, 
blftckc  Olid  }>otiderons:  tlic  iiltcrniost  lirou*,  that  docHneth  liko 
the  eeates  in  a  theater,  ttonriihint;  with  trees  and  excellent  pas- 
tarage.  The  midst  of  the  hill  is  shaded  with  cbc»tnttl  trees, 
and  othere  bearing  sundry  f  ruita."  * 

T  niM  convinced  that  furesta  would  soon  cover  many  porta  o£ 
the  Ambian  and  African  deeertt?,  if  man  and  domestic  animaU, 
especiatly  tho  goat  and  the  camel,  were  baniijhed  from  them. 
The  hanl  palate  and  tongue  and  strr)ug  teeth  and  ja^vs  of  this 
latter  quadruped  euable  him  to  break  off  ancl  uiii»ttcato  tou-rh 
and  tlmmy  branchca  as  large  as  the  finger,  lie  is  partiuularly 
fond  iif  the  smaller  tnigs,  leaver,  and  seed-pcidH  of  the  sojit  and 
Other  acaoms,  which,  like  the  Americau  i^obiiiia,  thrive  well 
fm  dry  aiid  Fandy  soiU,  and  he  spares  no  treo  the  brandies  of 
which  are  within  hi*  reach,  except,  if  1  remember  right,  the 
taoMriek  that  produces  mannu.  Vuung  trees  a|>nMit  pleuti- 
fnlly  nnmnd  tliu  springs  and  along  tlic  winter  water-ctjurses 
of  tlio  desert,  and  these  are  jii^t  tho  halting  srations  of  the 
caravans  and  their  nmtes  of  ti-avet.  In  tho  eliade  of  tlieia 
treea,  annual  grusscd  and  ]ierennial  8lind>3  shoot  up,  but  arc 
mown  d'jwn  by  the  hungry  cattle  of  tho  IJcdonin,  as  fast  as 
tliev  gn)w.  A  fow  yeiins  of  undi&turWil  vegulation  would 
fti^ce  to  cover  such  points  vitli  groves,  and  Uiese  would  grad* 

*  AJlttaUmo/  a  Joariuiy  Bfgan  An.  Dvn.  1610,  lib.  4,  p.  360,  ediUoo  of 
1615.  The  tvKtiaionj  of  Sandys  on  Uiis  point  u  oottftnncd  hj  that  of  t*ii;hIo, 
BrwHnt,  Maglioooo,  fliiUmb«ni,  »aA  Xicols  di  Rnboo,  ftll  citvtl  Uy  Rirni,  Ittr 
Vtnie.,  p.  0.  Than  it  •ocu  anoertaia^  iboat  tlio  daU  of  the  U?t  rruptfoa 
pmrkHiH  to  tho  gnM  one  of  1U31.  Asfaas,  thoa^b  not  Ut^  appeur  to  bAva 
b«an  thrown  out  ftbont  tho  tuu  1507,  nod  Mmo  chrouidon  h&ro  recotited  an 
•raptton  to  tho  yearlSO't;  fant  thifi  secmii  Co  bo  ui  error  for  1031.  wh«n  a 
giMt  qoaatlty  of  bm  w&s  Aj^cted.  In  1139,  uhu  wore  thron-n  out  for  miay 
daj*.    I  take  thoM  dotea  from  ths  work  of  Both  jost  otuid. 
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tuilly  extend  thomselvee  over  boiIb  where  now  euarccly  atty 
green  thing  but  the  bitter  colocynth  and  the  poisonous  fox- 
glove is  ever  soon. 

General  Metaoroioffioal  Infiucnce  of  the  Forest. 

The  phyBico-ger^raphitial  influence  of  forests  mftv  be  divided 
iutu  two  grc&t  classes,  each  having  an  important  influenoe  on 
vegetable  and  on  animal  life  in  all  their  manifestations,  aa 
well  aa  on  cvcrj-  branch  of  rural  economy  and  pniductive 
industry,  and,  thoreforo,  on  all  the  material  interests  of 
man.  Tlie  first  re«i»C(*ts  the  nietoonjUtgy  of  the  ocmiiUloft  ex- 
poAod  to  tlie  action  of  these  inflnenccfi ;  the  second,  ilieir  siiper- 
ticial  geographr,  or,  in  other  wordfi,  the  configuration,  cou- 
sihlem-e,  and  clothing  of  tJicir  surface. 

l-*<ir  rcasuiiti  aseigiied  in  tJie  Grst  chapter,  and  forotliers  that 
will  appear  hereafter,  the  moteorolc^ical  or  cUraatio  branch  of 
ihe  subject  i^  the  most  obscure,  and  the  conutustons  of  phvaiciata 
respecting  itare,  in  a  great  degree,  inferential  only,  not  founded 
on  ox]terinient  or  direct  observation.  They  are,  as  might  be 
exjMicted,  srtmewliat  discordant,  tJiough  one  general  rosuU  is 
almoU  uuivcr^ly  accepted,  and  seemK  indeed  too  well  sup- 
ported to  admit  of  serious  question,  and  it  may  be  considered 
as  established  that  furcsttt  tend  to  mttigatc,  at  least  withm 
(heir  own  precincts,  extremes  of  tcm|ieraturo,  hmnidity,  and 
drought.  ]}y  what  precise  agencies  the  meteorological  effects 
of  the  forest  are  produccii  we  cannot  say,  bceange  elements  of 
totally  unknown  value  enter  iutu  its  action,  and  because  the 
rcktivc  intensity  of  better  uuderstood  causes  cannot  bo  mcas- 
nred  or  eoni]mrud.  I  kIiuU  not  occupy  much  space  in  d!Hcui»^ 
iog  questions  whidi  at  prei^ent  admit  uf  no  gulution,  but  I 
piYfpose  to  notice  all  tho  known  forces  whose  concurrent  or 
c(.nllicting  energies  contribute  to  the  genera!  result,  and  to 
point  nut,  in  some  detail,  the  value  of  those  inHueuces  whose 
mode  of  action  has  been  ascertained. 
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Electrical  Injl^iwnce  of  Trees. 

The  properties  of  trees,  eiiigly  and  in  gronps,  as  cxoitcra  or 
conUuctorB  of  electricity,  aud  tlieir  coiise«juciit  influence  upuii 
Iho  electrical  state  of  the  atinoflphere,  do  not  appear  to  Imve 
been  much  investigated  ;  and  tlic  conditions  of  the  foi-csl  itself 
air  60  variaMo  and  (iii  i^jniplicuteil,  tliat  tlio  solution  uf  any 
general  pn>bleni  re»()ef;liug  it*  electrical  influence  wonld  Ikj  a 
matter  of  extreme  ditlicnlty.  It  is,  indeed,  {inpn»$i(>1e  to  enjv 
poie  that  a  dense  cloud,  a  ijca  of  vuixjr,  can  ]>aA*  over  miles  of 
SQrface  bristling  with  good  conducl«re,  without  luidcrgoing 
and  [irfxliiL'iiig  some  clmii<^  uf  electrical  CMnditiun.  Hy]**- 
thcliciil  caf««  may  be  put  in  which  the  character  of  the  chanj;e 
conld  be  deduced  fn>m  the  known  laws  of  electrical  action. 
I!iit  in  actual  uatoro,  tlic  elements  are  too  nunmrous  fur  na  to 
fleize.  The  true  electrical  ctmdition  of  neither  cloud  nor  foi-cst 
could  l>e  known,  and  it  coiild  seldom  le  jiredicted  whether  t)ie 
vapors  would  be  di&soUcd  ivs  tlicy  floated  over  the  wckhI,  or 
dl£ch&T<c;ed  upon  it  in  a  deluge  of  rain.  With  reganl  to  ixisfcible 
electrical  inlhicnceii  of  the  forest,  ^rider  still  in  their  range  of 
action,  the  uncertainty  is  even  greater.  The  data  which 
alone  could  lead  to  ji.wltivc,  or  even  pmbablu,  concliwioud  are 
wanting,  and  we  should,  thereff»r«,  only  enibarrnsd  our  ai^iunent 
by  any  attempt  to  discnw  tliis  motcurr'Iopjical  element,  impor- 
ta]it  as  it  may  be,  in  ita  relations  of  cause  and  effect  to  more 
familiar  and  better  midcrstood  metci>ric  pheuomuua.  It  may, 
however,  be  olwi-rveil  that  haibstnnns — which  were  once 
pcnendly  supjioeed,  and  are  elill  held  by  many,  to  bo  pnn 
dueed  by  a  specific  electrical  action,  and  which,  at  least,  ft|>]>ear 
to  1*0  always  accomp.inietl  by  electrical  disturbances — are  be- 
lieved, in  all  cotintriea  particularly  exposed  to  that  sw'ur;^, 
to  have  become  more  frerpicnt  and  dcstrnctivc  in  pm]H>rtiou  as 
ihe  forests  have  been  cleared.  Caiuii  ob^ervos:  "WHien  the 
chains  of  the  Aljiaand  the  Apennines  had  not  yet  been  filrip^ieil 
of  tlicir  magnificent  crown  of  woods,  the  May  hail,  which  now 


lU 


ELExrrmcxL  ixflcencs  of  tkces. 


desolates  the  feiiile  plains  of  Lonibaitly,  was  intich  \eeA  fre- 
quent; bat  since  tlie  ^itcrai  prostratiou  of  tlie  foret^t,  tliese 
tcinjwtits  Bre  lading  waste  even  tJic  mouiitain-8<iil6  whotio  oMor 
iiiliabtlaiita  ecarcvly  kuew  tins  plu^uu.*  Tlit;  j/am^ruiuiinitf 
wliiuh  Uie  lunrned  curate  of  Rivulta  advitied  to  ereut,  with 
Bhearca  of  efraw  set  up  \-ertically,  uver  a  great  extent  of  culti- 
VBted  oouatr}',  are  but  a  Liliputtau  image  of  tlie  vast  juu-a- 
graudiiii,  piuus,  larches^  aiid  iir^,  whicli  uature  bad  plauted  by 
millions  on  tlie  crests  and  rid^^  of  the  Alps  and  tlic  Apca- 
nince.*^  X  *'  Electrical  action  being  di  mini  shed,'*  eajs  Megufichor, 
*'  and  the  rapid  congelation  of  vapors  b}*  the  abetrautiou  of  boat 
being  impeded  by  tbo  inllucnec  of  the  woods,  it  is  rare  that 
hail  or  waterspouts  are  prcdticcd  within  the  prociuutsof  a  largo 
forest  when  it  is  assailed  by  the  tempest."  §  Arthur  Touug 
was  told  that  since  tlie  furesis  wliieh  cuvcred  the  niuiintahis 
between  the  Uiviera  and  the  county  of  lluntfurrat  had  dis- 
appeared, hail  had  bctx>in(i  more  destructive  iu  the  district  of 
Acqiiifl  and  a  similar  increase  iu  the  frequency  aud  violence 

*  Tbera  arc,  tn  N'ortbern  Itnl;  and  In  SwItaertAm),  joittt-nt/iRk  nini|iitnie« 
wiiieh  bimn  aitunat  dfiinv«  ^  faaU.  u  woU  m  br  fire  nsd  lighcnln^c.  Ue- 
twMn  ^«  y«aa  ldS4  asd  1861,  a  liDfle  one  of  th«M  compaatea,  La  BioniOM 
Adriatica,  paid,  for  datnogv  bj  bail  in  PiedmoDt,  Venetian  Lombardj-,  and  the 
Duchy  of  Farma,  nbore  0,500.000  frnnoi,  nr  m-ariy  ^200.000  per  year. 

f  Tbe  paraffroHftiiu,  or,  aa  ii  w  collod  ia  Fnincfa.  the  pamffrrU,  is  a  apectas 
of  eODilniHor  by  which  it  has  betn  hniK-A  U^  protect  the  harfaMa  in  ooontciM 
pactiotUjuly  exposed  to  dmnagv  by  IwU.  it  wa«  at  fint  propoaod  to  aniikiy  for 
ibiM  pDrjmaa  polea  nipimrURg  duarea  of  stnir  ciinuL-ctod  with  the  ][nmntl  bf 
th«  aauiv  niatenal ;  but  the  experiment  woa  afterwanla  tried  In  XjOmbanly  on  a 
hufe  Bcalc,  with  mon  pecfeot  aleotrioal  condactora,  ooiuiijitu>{{  of  polea  aeonred 
to  tfae  top  of  Coll  treea  and  pionded  with  a  pointed  wire  euterlng  Uin  gruoad 
•ad  t«achiug  Above  the  top  of  the  polo.  It  waa  at  firat  tlioiiglit  that  this  ap- 
pamtna,  eieotod  at  nnmeioaB  poiota  over  an  extent  of  aeTeivl  mile*,  waa  of 
aofoo  serrloe  aa  a  protection  aifainst  hail,  l^nt  thia  opinion  waa  soon  dlapctod, 
and  does  not  appear  to  be  aapported  by  well-oacvrtained  fa<:tB.  The  i|QeHtian 
«f  a  repetitioB  of  the  expetbnent  orer  a  wiilc  nr^A  hjut  bc«n  again  aK>tat«d 
within  a  Tory  few  yeaia  in  Lombardy  ;  but  tha  doable  axpceMod  by  veiy  aUe 
pbyiidala  aa  lo  its  cHIca^,  and  aa  to  the  point  whether  hafl  ia  an  eleetifeal 
IAmboowdimi,  have  diaooaimg«d  ita  advocates  from  attempting  it 

t  CnuU  ntta  ImpurtaoMa  a  VcUura  det  DoteAt,  p.  A. 

S  Mmmria  nU  JhieM^  etc,  p>  U.  |  Trauit  in  Italy,  ohap.  lil. 
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of  hiul-dturiiiB  in  tlie  neighborhood  of  Salnzzo  and  Mtmdovi, 
the  lower  part  of  the  ValtcUiiie,  and  the  territory  of  Verona 
and  TiceuKaj  is  probably  to  be  ascribtid  to  a  similar  cause* 


Chetnical  Itijlue}u.'e  of  iJ^e  Vorejit. 

We  know  that  the  air  iu  a  cloeo  apartment  ie  appreciably 
affected  throuj^h  the  inspiration  aiid  expiration  of  gases  by 
plant«  gwwiui^  iu  it.  The  same  uperatious  aru  performed  ou 
a  gigaiiiie  wale  by  the  furci>tf  and  it  has  even  beeii  Htippoecd 
that  the  ab^rption  of  carbon,  by  the  rank  vegetation  of  earlier 
geoltigicol  periods,  occasioned  a  penaauciit  Uiange  in  the  con- 
etitutiuu  of  the  terrestrial  atnioephere.f  To  the  effeda  thus 
produced  are  to  bo  added  thow  of  the  ultimate  gaseous  decom- 
jKjeition  of  the  vast  vegetable  niai^  annually  Khed  by  trees,  and 
of  their  trunks  aiid  branches  when  they  fall  a  prey  to  time* 
But  the  quantity  of  ga^os  thus  abstracted  from  and  i-estorcd 
to  the  atmofiphere  is  inconsiderable — iuiinite&inial,  one  might 

*  La  Mpi  dAe  etnjiono  tlUiUa^  i.,  p.  877.  Sao  "  Oo  tiio  InflncncB  of  tSa 
Fontt  ia  f^reatiog  Uiul-icorixus"  a  papoc  bj  Uecquont.  in  the  SiimArtt  ile 
FAcadimie  dm  Sei4iuM,  toI.  nxv.  Tho  ooDcloBion  of  this  emiueat  phjraciat 
b,  that  woods  do  ex«relH,  both  within  ibelr  own  ]iiaits  ami  in  their  vi<^{t}', 
tbe  infloeaoe  populnrlj  a«uribeil  to  them  in  tbtA  respeot,  and  that  the  effect  it 
proboUy  prodaoed  {NUtly  hj  meohaiiical  and  partly  by  electrical  ootian. 

f  ' '  Long  before  Um  ^pearuaoe  of  man,  ....  tL«y  [the  fiurental  hwl 
robbed  the  atmoaphere  of  the  cnonnonB  quantiQrof  catbonio  add  it  contained, 
and  tberebj-  tnutsfonncd  It  into  rospirabl'e  aii.  Tieea  faeaped  upon  treea  bad 
alnadj  flllad  np  the  pondu  and  manhea,  and  borled  with  thorn  in  the  buwela 
of  Uia  earth — to  rutora  it  to  ut,  aftar  thousaoda  of  affcn,  in  the  funu  of  Ui- 
toininoiu  ooal  and  of  anthracite — tha  carbon  whiah  woa  dc«dncd  to  beooma, 
by  this  wonderful  condeoaation,  a  preaiooaston  of  future  we*lth."— CLAVt, 
£lud4m  tur  C  Bcaitoini^  Fortdiin,  p.  1:4. 

This  opinion  of  the  modifioalion  of  the  atutoaphoxo  by  TOfpetoUoa  ia  can* 
fteited. 

SEoannao  aaoribes  the  gioat  loxuriAOoe  and  ipaoial  chamotor  of  the  Atutn- 
lian  and  New  Zealand  foreata,  aa  well  aa  other  peeoliaritieB  of  the  regeUtioa 
of  the  Southern  heinisphez«,  to  a  aappoaed,  laryei  proportion  of  oarbuu  in  tiia 
atmoepberB  of  that  bemiapbere,  though  the  fact  of  auch  excem  doce  not 
appear  to  have  been  entabti-thed  by  cliemical  analjxla.— MotiailAX,  Ori^n  o/ 
tiu  Beatoiu.     Edinburgh,  l^tOO.     Chap*,  xrl.  and  xril. 
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almost  say — in  compari&on  with  tho  ocean  of  air  from  whicb  they 
Bpe  drawn  and  to  which  they  return ;  and  though  the  exhala- 
tto!i8  from  bogs,  and  other  low  grounds  covered  \rith  decaying 
vegetable  matter,  arc  highly  deleterious  to  human  health,  yet, 
iu  geueral,  the  air  of  the  forest  is  hurdly  chemically  di&tin- 
g;iliBhablo  fr<»n  that  of  tlto  B:uid  plains,  and  we  ran  aft  little 
trace  the  iuflnence  of  the  woods  in  the  anal^'fii^  of  the  atmofr- 
|>hore,  as  we  can  proro  that  the  mineral  imrredients  of  land- 
Bpringfl  Benaibly  affect  the  ohomistry  of  the  eea.  1  may,  then, 
properly  dismiss  the  chemical,  as  I  have  done  the  eleetricalj 
influences  of  the  foreet,  and  treat  them  botli  alike,  if  not  as  nn- 
impiirtant  agencies,  at  least  as  quantities  of  iiiiknnwn  value  in 
our  meteoroli^cal  equation.*  Our  inquiriee  ii[Kin  this  branch 
of  tlie  subject  will  accordingly  be  Hmitod  to  tho  thcrmometricai 
and  hypx)metrical  influences  of  the  woods.  There  i»,  however, 
a  snecial  protective  function  of  the  forest,  perhapti,  in  part,  of 
a  cheijiical  nature,  which  way  bo  noticed  here. 


TVees  eu  a  Protection  a^inst  JTalaria. 

The  influence  of  forests  in  preventing  the  diffusion  of  niia»- 
raatic  vapors  i»  not  a  matter  of  familiar  ob«i>ervation,  and  pei^ 

"  Scluiulit  ucnhM  to  tbe  forest  a  specific,  if  not  a  m«ftnirnble,  iufliwaM 
npoa  the  ooMdtqtino  of  the  atmcMpliera.  *'  FUnta  imbibe  from  the  ftir  oar- 
bgnio  Mid  and  otht*  gsaeoua  or  volatile  prodoct*  «xba]«d  hy  p«iwi«  or  d«- 
Tslopcd  hf  the  ftatatal  pbenamma  of  ileooniposttloa.  On  the  ottiCT  hand,  the 
mggvteUe  poota  into  th«  atm<jepber«  oxygen,  wtucfa  ia  takeu  up  hy  ""'"ihTh 
mad  appropriated  fay  them.  The  tree,  h/  nicaiw  of  its  l^ave*  and  ita  yooiif 
iMctiMMHta  fewigM.  pTBtuito  ft  ootuaderaUe  rarfa««  for  ahnorptioo  and  evapora- 
tloB ;  ft  abatneta  the  earbfm  of  oarboidD  mad,  and  aalidifledi  it  fa)  wood,  fucula. 
and  a  mo)tH(td«  of  otbcir  oompDO&da.  The  mult  in  that  a  forest  vritlidrawa 
ftom  the  sir.  bj  ita  graal  sbeorinDt  enrfooe.  much  man  g»a  than  menilim  or 
coHhraled  fleldB,  and  eahalea  pcoportionaUy  a  considerably  greater  ^uauUty 
of  osTfen.  The  InllaeBce  of  the  foreeta  on  the  chemical  oompodtion  of  tha 
atnMphere  la,  in  a  word,  of  the  bigbeait  importanoa." — Tab  Jffrro,  p.  Itl. 

Bee  «  thfai  sabjeet  a  paper  by  J.  Jamin,  in  thn  R>rv^  d>»  Dmtr  Him^jm  for 
Sept.  IQ.  1604;  and.  on  th«  eftc'.-ts  of  human  Indiutry  on  the  atmoai^en,  ta 
aitide  in  Aiu  Ar  yatvr.  ml.  29,  IM4.  iip.  443,  449,  4tt3,  et  w^.  See  alw 
Alitbcd  JQcar,  Im  Fvr/u  df  h  OauU,  ^  107. 
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ll&ps  it  does  not  come  strictly  witliiti  the  ephere  of  the  present 
iiiqniry.hut  its  imiwrtance  will  jii8tify  me  in  clevutlni^ pomo «jtacc 
to  the  Buliject.  "It  has  Ik'cti  ol>served"  (I  quote  from  Bcc- 
quorcl)  *'  thttt  Imniid  air,  chargeJ  with  Diiasiiiiita^  la  Jeprhed 
of  t]iein  in  iwissiiig  tlimugh  tl»e  forest.  Kigttutl  de  Lillo  ob- 
Berved  lixralirieft  in  Italy  where  the  interpmidon  of  a  screen  of 
trees  jtrejiervod  everjthing  beyond  it,  while  the  uuprutcctod 
grounds  were  subject  to  fcvcn*."  *  Few  Eiiropeari  uuiuitriee 
present  better  opportunities  for  obscrvatioo  on  tliie  point  tliau 
Italy,  lHn-aiiiM  in  that  kingdom  the  localities  cx{)OB«d  to  miaH- 
luatic  exhalations  are  nnmorons,  and  belts  of  trees,  if  not  for- 
MtB,  Arc  of  80  frequent  oecnn-eucc  tliat  their  cfhcocy  iu  this 
respect  can  be  easily  tested.  The  belief  tliat  rows  of  treea 
a0i»nl  an  important  pntterrion  against  malai-ioim  infiueneee  is 
Tery  general  among  Italians  beet  qualified  by  intoUigontie  and 
professional  exjMjneiice  to  jud;;e  upon  the  subject.  The  c<mi- 
miasioners,  appointed  to  re]>ort  on  the  meaaurea  to  be  adopted 
for  the  iinproveiuciit  of  the  Tuscbo  Marctninc,  advised  the 
planting  of  three  or  four  i-owb  of  ]>oplflr8,  Popular  aUm^  in  sutji 
directions  as  to  olwtnict  the  currents  of  air  from  malarious  lo- 
caliticii,  and  thus  iutorcept  a  great  proportion  of  tlie  ]>emiciouB 
exhalations."  t  Maury  believed  tliat  a  few  rows  of  sunflowers, 
jilantcl  between  the  Washington  Obaervatory  and  the  niarshy 
banks  of  tlio  Potomac,  had  saved  tlie  inmates  of  that  eetablieU- 
mcnt  fiom  tlie  Intermittent  fevers  to  which  they  had  K'en  for- 
merly liable.  Maurj's  experiment*  have  been  repeated  in 
Italy.  Large  plantations  of  suntlowcrs  have  been  made  upon 
the  alluv-ial  dept»its  of  the  Oglio,  above  its  entrance  into  the 
Lake  of  Ifioo,  near  Pisogne,  and  it  is  said  with  favorable  rcHiilts 
to  the  health  of  the  neighborhood  +  '"  ^^^^i  *^6  generally 
benefii'ial  effects  of  a  ff^rc-*t  wall  or  other  vegetable  screen,  as 
a  protoctiou  against  noxious  exhalatioua  from  marshes  or  otlier 

•BBOQtntKKL,  Dm  OUmaU,  etc.,  p.  0. 

t  8A1.VA0901.I,  Itappffrto  siU  Uvnifieamtnto  dtU<  Maranmi  Totcant,  ■pp.  xlL, 

%  It  l\)tit«niea,  MOano,  ApriU  4  Magsio,  1808,  p.  89. 
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Fonrces  of  disease,  sitnatod  to  the  windward  of  them,  arc  very 
commonly  admitted. 

ItiH  argued  tliat,  in  theeo  cases,  the  fuliago  of  treee  and  of 
other  vegetables  exercises  a  chemical  as  well  &&  a  mc-chanicat 
effect  npon  the  atmosphere,  and  some,  who  allow  that  forcsta 
may  iutercept  the  cinnilatioti  of  tho  miasmatic;  effluvia  of 
B^Tampy  eoils,  or  oven  render  them  harmlctv  by  decomj'(*»ing 
them,  contend,  nevert!iclcs»,  that  they  are  thcmfw^lves  active 
canaes  of  the  proiiuction  of  malaria.  Tlio  sul^ect  has  been  a 
pood  deal  discussed  in  Italy,  and  there  is  some  reawm  to  tliink 
that  under  special  circmn«tam'es  Ihc  inflnencc  of  iho  forest  in 
this  respoct  may  be  prcjndi('ial  rather  than  Balntarj',  thoiif^h 
this  docs  not  apjwar  to  he  gi-nemlly  tho  eaue.*    It  U,  at  all 

•  Salvaosoli.  Memcrif  tuff  ifuremmt  Tt^eaiit,  i)p.  21^.  S14.  Tho  9.im- 
ttirj  ad'ioa  ot  the  forest  baa  bene  lately  tnattor  of  niiicli  iLttcnliaa  in  Italy. 
800  lUndieoftti  tfA  Congrntn  Mexico  del  1809  a  Firenu,  tnH  «KiieciiUly  th«  im- 
portant DlxfrvaUuns  of  BKt.ui,  71  JV/'um/i  iAi/K«/re.  Padan,  1870.  [■]>•  100  rf 
w^  Thta«ctioaUb«Id  b^tbu  a)>l«  «rTii«r  to  b«  almoMvrbotiy  chemical,  nnd 
Iw  DunasUy  reoommanids  the  pluilatinn  of  f^roreH,  at  Insst  of  bolts  of  trwts, 
«■  an  «ff«otaAl  pTotcctloa  neainst  the  miutoAttc  iut!<]enc«  of  mnnhr*.  Very 
latorMtiag  obscrraUotis  on  thin  poiitt  will  h«  fonnd  in  EnKnUAYl^R,  DU 
PAj/tOaUiMA.^  AV'iWM-fJi^OT  4m  Wakh»,  AacbaffenUiTV.  1873,  B.  I.,  pp-  3:17 
#f  ^.,  wbMo  ^TcaL  impoitonoe  is  naczibod  to  tb«  devolopniMituf  osottu  by  the 
ehemical  acti'tti  of  the  foron.  Tho  bMieAdol  intlaonee  of  the  ntone  of  the 
fon«t  atmoDpSero  oa  tho  hnman  sysbmn  u,  liowercr,  qn«sU«Q«d  by  aonie 
obf-rrcnt.  A<«  also  tho  nblo  memoir;  DH  ^itiimui  rtyftah  e  Attt  MtilnUie 
Jiiiumatkkf  of  Dr.  D.  Paxtalroxi  in  />  .^rfauoilMli,  to),  udl.  1970. 

Tbo  neoeadty  of  tnoh  hygimic  {niprov«mente  •■  iboll  render  tlie  sow 
capital  of  Italy  a  salubriuiu  rmldenoa  gircs  great  prejteat  importanra  to  thil 
qoMition,  and  It  is  mttcb  u>  be  hoped  that  th«  A^ro  Romano,  a*  <reU  im  more 
dbrtant  partx  of  th«  Cainptigua.  irill  aoon  be  dotted  with  igKrtta  ftod  tiaremod 
by  fllea  of  rapidly  growing  tr«ea.  Many  torort  beea  grow  with  |;reat  Inm- 
lianos  in  ItAly,  aud  a  mod«nt«  aspvoM  In  pJaataUoa  woald  Id  a  my  few 
7«an  determioe  whether  any  ameliomtlon  of  tha  aanltory  ouoilitioa  of  Rnrna 
C4a  be  erpectftl  from  tl:{«  rocMtan. 

It  ii  said  by  rooenl  wrilen  thai  in  Tntlla  the  rilla^s  of  tiie  nathea  and  the 
encampiHtit*  of  Boropean  troopa,  alLDat«d  in  th«  midst  or  In  tho  nciffhbor- 
faood  of  frrons  and  of  forests,  are  exempt  from  cholcm.  SlmQar  obMcrvationa 
wtTf  alao  mads  In  ISW  In  Oermany  wh«n  thi»  terrible  diaeaaa  »a»  rnelQ^ 
tbri*.  It  ia  baooe  inferred  that  forents  iirevtiol  the  ajweadinf;  of  this  malady, 
ot  rotber  the  dwretopment  of  tho^e  nnlmown  taftacneei  of  which  choleia  U 
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cvejita,  well  known  tliat  the  {?r<;at  awanips  of  Virginia  and  the 
Cnrolinas,  in  cliiivatcs  nearly  similar  to  that  vt  Italy,  are  hoaltliy 
even  to  tlic  white  man,  so  long  as  tlio  fortjets  in  and  around 
them  remain,  but  become  very  ineahibriotiB  when  the  woods 
are  felled.* 


TWtf  as  Shelter  to  Ground  to  tha  Leawaird, 

-As  a  mechanical  ohetruction,  trees  impede  the  passage  of 
aiiMJiHTentK  over  The  ground,  which,  as  is  well  known,  is  one 
of  the  tnntit  i-ffieieiit  ageiiis  in  proiiiolnig  evajiomtion  and  tho 
refrigeration  resulting  f]-oni  it.+    In  the  forest,  the  air  is  alraoeil 

tbn  rrffult.  Thrsa  icflnctiMR,  if  ve  may  twlieve  ottrt^un  &))lu  writers  on  medi- 
cal mbjfiota,  are  telluria  ratbar  tlua  meteorio ;  And  the;  rogATil  it  u  prababte 
thftt  tho  nniform  motstme  nt  soil  in  tareAA  may  bo  tlu)  immc^tinto  caaM  at 
th«  tmmnnib/ enjoyed  bjrsacli  InculitieH.  Heo  no  anicle  bjr  rETTKNKOrEK 
in  tl^D  Siiil-Dttitschs  PrtM«,  August,  18CD ;  nnd  Ihu  obsarrKlionit  of  Ebbb- 
MATsn  in  th«  woric  nljot-o  ijuot>!d,  pp.  S43  et  »tq. 

In  AiintnUin  and  Kcw  Zcabmd.  as  vrcU  aa  goDenlly  In  tbe  Sontliem  Ilemia- 
pb«ro.  t)M>  iD'Iig^Lnoos  tr««a  are  aJl  eTetgreeas,  and  fv<n  tJcciiltious  trees  int» 
doood  from  tlia  otlLcr  riilo  of  tho  V4]uatoi  tMWutnu  ererj^roen.  In  tbono 
fc^ioQa,  crou  in  tba  raoat  awampy  locaUtua.  nalarioua  diMaaea  aie  aeady,  if 
■ot  albigctbor,  qiUolowii.  Ia  thia  most  important  fact  due  \o  the  penistflDoe 
flf  Um  f  oUag«  ? 

UoasuAX,  Origin  of  CfimiU*,  pp.  374,  303,  410,  435,  (t  ««f. 

*  ExA'tpi  In  tbo  Kctbtng  mAr»bc«  of  Dorihom  ti^iiiul  and  nbtroplen] 
ngioiWf  wben  vegvtablo  decay  m  exUcnioly  ni)i!d,  Utv  oaifomlty  of  tainpaiv 
hue  and  of  BtiiinNpbi>rlc  hntnidity  rcndftn  all  forcnta  dulae'itlj  bealthfnl. 
Sm  IIotiK»8TKi^'«  obwrvoliwuH  oa  tUa  anbjcct,  J>er  H'nld,  p.  41;  alau  A. 
Uaitrt,  tf»  Pi^^Im  fts  h  O'milr,  p.  T. 

Tbe  Sat  and  matabjr  ditttriut  of  tlie  Sologru!  In  France  was  aalabrious  nnLil 
tta  weoda  wore  fctlod.  It  then  bec-unc  pciit.t]onU.t1,  bnt  withia  tint  lut  hw 
ynn  it«  bcallbfuln**-  lin»  bc«n  revtoixd  by  foreat  plaotatioiu.  Jvt.BS  ClatA 
ia  Jteeuit  dfM  Pttij^  Mvnito!  tor  Irt  Mr«:1i,  IWW,  p.  309. 

Tlieiv  U  BO  queaUon  that  op<iii  tqanrca  and  parks  conduoe  to  th*?  «:ilabrity 
el  citit)*,  and  uasy  oliiancrs  aro  of  cpiulou  Lbat  tha  tr<^«B  and  othrr  rcigeta- 
tlra  nith  which  aiich  |{T<inTiiT'(  arc  planted  oontribut*  Mvoatlally  to  tbeir  btce- 
Bcialiatlueuc«.     Bcenu  nrtiulu  la  .itui/rr  i\*(ifur,  xxil.,  p.  813. 

■(  3t  is  ptu-hapa  too  imich  to  »ay  that  tbs  infla^ncQ  of  tr**'*  upon  tllo 
wtud  i»  etrictly  limited  to  tbo  ini.>ubiuiica]  roeiEtaaco  of  thoir  tninka,  liranobca, 
Bid  fulia)^     So  he  aa   the   farent,   liy  dc«d  or  by  living'  action,  ndaea  or 
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qnieseejit,  and  movca  ouly  as  local  changes  o£  tempernture 
affect  the  specific  gravity  uf  lU  particles.  Hence  tbero  is  often 
a  dead  ualm  in  the  wowU  when  a  furious  blast  is  raging  in  tlio 
open  couDtry  at  a  few  yards'  distance.  The  denser  tlie  forest 
— *s,  for  example,  where  it  coiieista  of  epike-leavcd  trees,  or  is 
thickly  intermixed  with  them — the  more  obvious  is  it*  en'cct, 
and  nu  one  can  have  pitsaed  from  the  field  to  the  wood  in  cold, 
windy  weather,  without  having  remarked  it.* 

low«n  tb9  (mnperatuire  of  the  mir  within  it,  «o  f«[  it  nrtmtw  npwud  or  down- 
mid  onrreutii  la  tho  atmotpbure  above  it,  oud,  ootuequeutlf ,  •  Qow  of  air 
toirmnlB  or  from  iUelf.  1ht»e  air-ctreuax  baro  a  oettais,  tlioush  doubt- 
lean  a  very  ataall,  toflaenoo  on  the  force  iinil  direction  of  greater  aLmoepbaria 
tnoTements. 

*  AaafHiniliar  lUufltratioii  of  th«  inllueiioe  of  tlie  foroHt  (n  ohookiog  tho 
noTBtneot  of  winds,  I  may  mention  th«  woIl-knov.*n  fact,  that  tho  iwiuiblo 
oold  la  never  extrcnio  In  thii^  woods,  where  the  motion  of  tho  air  is  little 
felt  The  lumbemen  m  Canada  and  the  Northern  tJnited  State*  Inhor  in  tlio 
wooda,  without  inconveoienco,  when,  the  ineroiU7  standa  raanr  degrees  below 
Uie  »cro  of  Fahn^nhoit,  while  fn  the  opoa  ^nnuds,  with  oal7  a  modt-mlo 
biflMo,  the  santfl  tompenitim  ia  almott  iiuiu|tportalilc.  The  v&giiic«n  aud 
Bremen  of  tooomotlvea,  employed  on  railwara  runiung  throuch  fore«t«  of  any 
oonaidnral^e  extent,  obaerve  that,  in  very  colli  weaUier,  it  is  maoh  ea«iur  t» 
IcMp  np  the  atcam  while  the  engine  ui  poaiing  throagh  tho  wooda  Iban  in 
the  open  fpround.  Aa  mmq  an  the  train  emergea  froin  the  ithcltei  of  the  trees 
the  Bteam-gaQj^  falla,  and  the  atokcr  ia  obliged  to  throw  in  a  liberal  Knp|>'^ 
of  fuel  to  biiug  it  up  again. 

Aiuitber  leu  frequently  noticed  fact,  dne,  no  dwibt,  in  a  grcait  neamire 
to  the  immobility  of  the  air,  ia,  tliat  Koundi  are  tranamitted  to  iucmdibW 
diatanoea  in  the  unbroken  foTv*L  Many  inatanoea  of  this  bare  fallen  iuid«r 
my  own  ohaervatiou,  and  otbeia,  yet  more  atrtking,  have  been  reJiat«d  I'd 
ne  by  credible  and  competent  witneaaea  familiar  with  a  more  prtmitire 
condition  of  the  Anglo-Amerioan  world.  An  acute  obeerrer  of  naturrd 
pJuDomenft,  wboao  dilldhood  ami  yonth  ware  apent  tn  the  Interior  of  one 
of  the  newer  New  &igtand  Stolen,  boa  often  told  me  that  when  he  eat^b 
llabed  hia  home  in  the  foter,  be  alwaya  diatinctly  beard,  In  atill  weather, 
the  plaab  of  borvea*  feet,  when  they  forded  a  amall  brook  nearly  acres- 
dgbtha  of  a  nile  from  bia  boaae,  thoogh  a  portion  of  Uie  wood  that  inter- 
Teoed  oonsisM  of  a  ridge  aeTCmty  or  eighty  feet  higher  than  either  the  bouse 
or  the  ford. 

I  bare  no  doubt  that,  in  rich  oaaeo.  tbe  atfllneaa  of  the  air  ia  the  moat 
Inporiant  elenxpnt  in  the  estmof^i.-iary  tmnamieeibtlity  of  aatmd;  bat  It 
stQit  be  admitted  that  tbe  abaance  of  the  multiplied  and  ooofoaed  aoiaes, 
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The  actiou  of  tiie  forest,  cunsklured  nicrelv  as  a  mechaiiiual 
Blicher  to  gronnds  lying  to  the  leewai-J  of  It,  miglit  setMii  to  bo 
an  influence  of  tiw  restricttrd  ft  ehuraotei'  to  deserve  much 
notice ;  but  many  facts  concur  to  liliow  tlmt  it  h  a  moat  import- 
ant element  in  local  climate. 

wbiofa  nooomptuijr  buouui  mdosUr  iu  couatxios  tbickl;  peopled  by  man, 
QODtribtttes  to  the  muds  nmlt.  Wu  buootne,  by  habit,  almost  uuRnribIa  to 
ihtt  familJAr  ootl  ttaTar-rwtuig  ruiccn  of  oirilizattoa  in  oitJM  and  towm; 
bnt  tho  irulrntingniahoble  droT;u,  trhtch  PomoCtmes  Mcapoa  even  the  ear  of 
bin  who  lutvns  for  it,  dead«iu  aod  oftoo  quite  obstrooU  th«  tnuuunissloa 
irf  somidH  which  wtmld  otliorwiw  be  dcKrl;  attdiblc.  An  obnervar,  who 
wl<bM  to  appndattt  tbat  lium  oi  dric  llfo  which  he  cannot  analyw,  will 
Sad  an  «ocll()iit  oiiportunity  bjr  placing  biiiKivIf  on  tht  hill  of  Capo  di  HonM 
M  yaples.  Id  the  Uue  of  prolongation  of  t.h«  streot  colled  Spaccaoapcdi. 

It  la  pmbn)>l7  tc  tho  utiltnraii  of  which  I  havn  spoken  thai  we  arc  to 
Mcribtt  Hm  tra&xmlscloD  of  sound  to  gicat  dixtoncea  at  eea  ic  calm  weather. 
Id  Jmw,  1853,  I  and  my  family  wore  poiwengcra  on  board  a  Bhip-of-war 
boond  up  the  iGgean.  Oa  the  evening  of  tbe  STth  of  that  month,  aa  we 
were  discuastng,  at  tho  toa-tablo,  soma  obarrrations  of  Humboldt  on  tfaia 
MbJMt,  th«  captain  of  thf  ship  told  nn  that  ho  had  onc«  h<>ard  a  xinglv  gUD 
■ft  mem  ak  the  distas<?e  of  ninety  nantical  miks.  The  o«xt  morning,  thoagh 
a  ligfat  breese  bad  epning  up  from  the  north,  the  eea  WM  of  (laav  amogtli- 
amm  when  we  went  on  declc.  Ah  we  came  op,  an  officer  told  u  that  ha 
had  b«Md  A  gun  at  suiuiw,  and  the  conTeoatioa  of  the  prcriooa  erening 
ng|t«ated  the  intiuiry  whether  it  could  have  been  Sred  from  the  combiaed 
Fnaob  and  English  floet  then  lying  at  IWhika  Hay.  Vpva  examination 
of  oar  pofdtian  we  were  fonnd  to  bare  beoo,  at  sunrise,  nina^  sea  miles 
boDx  that  pM&t,  We  continued  beating  ap  northwanln,  anU  between  bud- 
lias  and  twelve  o'dock  meridian  of  tbe  HHh,  we  bad  made  twelve  milea 
uttUiiDg,  ledaoing'  oar  diatanoe  from  Ueahika  Bay  to  aeranty-eigbt  tea 
mQea.  At  noon  wo  heard  Baveral  guns  bo  distinctly  that  wo  wers  able  to 
coant  the  number.  On  the  SOth  we  came  up  with  the  fleet,  and  learned 
bom  ao  odour  who  came  on  board  that  a  myal  salute  had  l>een  Hr«]  at 
MMiL  en  the  38th,  fn  honor  of  the  day  as  the  onuivemry  of  tho  Queen  of 
Bfland'a  oarooatioa.  The  report  at  (ninriao  waa  eridently  the  morning  giin. 
,  fitQia  Bt  notm  the  nhite. 

8«eb  caaea  an  xam,  bacMiue  tho  aea  is  aeldom  stiU,  and  .tho  cwfuirwr 
A>i|^iA«M»  yiAaaitA  nnAy  BDent,  over  ao  grvot  a  space  as  ninety  or  eren  aeren^- 
eight  nautical  miles.  I  apply  the  epithet  siUnt  to  T^Aiirfia  adrisedly.  I  am 
ooDvinoud  that  .^Escbylus  meant  tbe  audiblo  langh  of  the  wavi's,  which  is  in- 
deed of  rauHtlem  multiplielty,  not  the  visible  smile  of  tbe  sea,  which,  bolosc 
log  to  the  great  ezpsuM  oa  oud  imporBonatJuu,  ia  ria^*),  though,  tihe  the 
ba»a  imile,  made  np  of  the  play  of  many  fcatoroo. 
11 
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It  is  evidi.'Ut  tliat  the  effect  of  the  forest,  as  a  mcclmnica] 
impeiliinent  to  tlic  passago  of  the  ■wind,  would  extend  to  a  very 
coiifiulcrablc  ilJstaiuM!  iibuvc  its  ijwti  hftiglit,  am]  heiico  ii]'<.>tcct 
while  etniiding,  or  lay  open  when  felleU,  a  imieh  larger  eiirfaee 
tliaiL  might  at  Uni  tliotight  be  supposed.  The  atmoBphcre, 
movable  as  arc  its  paiiiclee,  and  Li^ht  and  elastic  as  aiv  ita 
masses,  is  ucvcitliclcsti  huhl  tuguthur  as  a  cuntiiiuotts  whole  by 
the  gravitation  of  its  atoms  and  tJiuir  cuni>equGut  pi-cfasmx)  on 
each  other,  if  not  by  attraction  between  ihcin,  and,  therefore, 
on  obstruction  which  mcuhaiiicidly  imptdes  the  movement  of  a 
given  elrutuin  of  air  will  lelnrd  tlie  paet>age  uf  the  strata  above 
and  below  it.  To  tliit^  effect  may  often  be  added  that  of  an 
ascending  current  from  the  forest  itself,  which  iniitit  always 
exist  when  the  atmosphere  within  the  wood  is  wanner  than  tlio 
Btratnm  of  air  above  it,  and  must  be  of  ahuost  constant  occur- 
rence in  the  ease  of  cold  wiiide,  from  whatever  quarter,  because 
tiiC  still  air  iu  tlic  fvuvst  h  slow  in  taking  up  the  tcinjieiature 
of  tlic  moving  colnmiiB  and  currentB  aronnd  and  above  it.  Ex- 
Iierien<«,  in  fact,  has. shown  tbat  mere  nnva  of  trees,  and  even 
much  hnvcr  obiitructions,  are  of  CMiCndal  ser^'ice  in  defending 
vegetation  against  tlie  action  of  the  wind.  Hardy  proposes 
planting,  in  Algeria,  l>elta  of  trees  at  the  dietanoc  of  one  hun- 
dred nuHit*  f  nun  each  other,  oa  a  fihcltcr  which  experience  had 
proved  to  bo  usefnl  in  France.*  "  In  tlio  \*alIoy  of  tlic  lUione," 
Bays  Bccquercl,  '*  a  ^imjdc  hedge,  two  uid'trcs  in  height,  is  n  suf- 
ficient protection  for  a  distance  of  twenty-two  mctrc8."t  The 
medianlcal  slicltcr  acts,  no  doubt,  chiofty  as  a  defence  against 


*  BBCQCSaKL,  I>e»  CUmat4,  cUi.,  p.  179.  \  Ibid.,  p,  116. 

neoqiienrB  vlewB  harft  bi>en unpl;  Donftnned  bgr  recent  QXta^TS •xpwfanmta 
oa  tli«  Ueak.  »tODjr,  and  dewlaU  plain  o(  the  Cnto  in  the  Dopaittnent  of  th« 
BotUjkeii-du-Rbonc,  ulUcJi  hmA  TGto&ined  a  naked  waste  from  tho  carUflok 
■PM  of  tiiatoTj.  £«]ta  of  tieea  pruie  »  •ocure  prot«cUon  erco  againA  tlu 
fnriotiii  and  ohlll;  blacta  of  the  Miiitral,  and  in  thuabcltcr  plantaUoua  of  fniit- 
tx«<»  and  Tejieteblcs,  fcitaised  by  the  yttJu-n  and  the  nlimi)  of  the  Daranoe. 
whlnh  are  aandacted  and  dUtiibuted  over  tho  Oran,  thrire  with  the  ^rcatert 
huroriaooe, 
BciLSiX,  jSViuItf  »ur  la  TmrtnU,  2d  edition,  1873,  U.,  p.  35. 
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the  meclianicAl  furco  of  tho  wind,  but  its  uses  are  by  no  means 
limited  to  this  effect  If  the  current  of  air  which  it  resiita 
moves  horizontally,  it  would  prcvcut  the  access  of  cold  or  parch- 
ing blasts  to  the  ground  for  a  great  diotaiice ;  and  did  tliu  « iud 
eveu  descend  at  a  lat^  angle  witlt  tlic  fiurfaco,  Btill  a  oonsider- 
able  extent  of  gi\)uud  would,  be  protected  by  a  forest  to  the 
vindwai'd  of  it. 

In  tlie  reiHjrt  of  a  cominittec  appointed  in  1836  tu  examiue 
article  of  tlie  foi"cst  code  of  France,  Aragootservos:  "If  a 
'curtain  (»f  forest  on  fho  ccaatd  uf  Nurmandy  and  of  Brittany 
were  dostrt»yed,  these  two  pro\inced  wonld  boeomo  accessible  to 
the  wind^  fruni  the  west,  to  tlio  mild  breezes  of  tlie  aea.  Hence 
a  decrease  of  tltc  cold  of  winter.  If  a  similar  forest  were  to 
be  cleared  wi  the  eaetern  border  of  France,  the  glacial  east 
wind  would  prevail  with  greater  strength,  and  the  winters 
would  become  more  severe.  Thus  tho  removal  of  a  belt  of 
wood  would  prxjduce  opposite  efiecta  in  tho  two  regioua."  * 

This  opinion  recoives  confirmation  fruia  an  ol)«or\atIon  of 
Dr.  Dwight,  who  remarks,  in  reference  to  the  woods  of  2sew 
England :  "  Anotiier  effuct  of  removing  the  furest  will  be  the 
free  p&ssage  of  the  winds,  and  amung  tliem  of  tho  southern 
windf,  over  the  surface.  Tbie,  1  think,  hw  been  an  increasing 
fact  within  my  owu  remcnibrauce.  As  tiic  cultivation  of  the 
coimtry  ha^  extended  farther  to  the  north,  (Jie  winds  fix)m  the 
aouth  have  readied  di.stancc8  uioiss  remote  from  the  occan^  and 
imparted  their  warmth  fr©i]ueutly,  and  in  such  d^reea  as, 
ftirtT  years  since,  M'cre  in  the  same  places  very  h'ttle  known. 
This  fact,  also,  cuntrtbntes  to  lengthen  tlic  summer  and  to 
shorten  the  whiter  half  of  the  year."  f 

It  is  thought  in  Iraly  that  the  clearing  of  the  Apennines 
has  verj'  materially  affected  llie  climnte  of  tlio  valley  of  the 
Po.  It  ia  asserted  in  Le  Alpi  che  dnffona  VlfcUia  tlmt:  **Tu 
ouikse<iucnco  of  the  felling  of  the  wot>dtj  on  the  Apennines,  tho 
Binxx'^j  prevails  greally  on  the  right  bank  of  the  Po,  ia  the 

t  Trat^,  i.,  p.  ^\. 


1C4       TBSES   AS   SHKLTKa   TO   OKOITXD   TO   THE   LEEWAKD. 


Parmesan  territory',  and  in  a  part  of  T-orabarcly ;  it  injures  the 
liarvestsand  tho  vinuyaniA,  and  iH^inctiinoA  rnina  the  croj^«of  the 
E«Adon.  To  the  eame  cause  many  ascribe  the  meteorological 
chaii^  in  the  precincts  of  MuJcim  and  of  li«ggio.  In  the 
comniuuesof  these  districts,  where  formerly  straw  roofs  resisted 
tho  foireof  ttie  winds,  tilreare  now  hanlly  ftudiulent;  in  others, 
where  tiles  answered  for  roofs,  lar-je  slabs  of  stone  are  now 
ineffectual ;  and  in  many  ueighliorini:;  communes  the  grapes 
and  t)ie  fi^rain  arc  swept  off  by  tlie  blasts  of  the  soutli  and 
Bouth-west  winds." 

According  to  the  same  authority,  tlie  pinery  of  Porto,  near 
!Rflvenna — whitU  ia  twenty  miles  long,  and  is  one  of  the  oldest 
pine  woods  in  Italy — haring  been  repianlfd  with  resinous  treca 
after  it  was  unfortunately  cut,  has  relieved  the  city  from  the 
airocco  to  which  it  had  become  expoecd,  and  in  a  great  dogreo 
reetoi-ed  its  ancient  climate.* 

The  foiling  of  the  woods  on  the  Atlantic  ooast  of  Jutland 
has  ex|>osed  tlie  soil  not  only  to  drifting  sands,  but  to  sharp  sea- 
winds,  that  have  exortoil  a  nenslblo  deterioi-ating  effect  on  the 
climate  of  tliat  peninsula,  which  has  no  nionntaJua  to  Berve  at 
onecosa  harrier  to  the  force  of  tlie  winds,  aud  as  a  storehouse  of 
moisture  ret*ived  by  precipitation  or  cfmdenscd  from  atmoe- 
pherio  vapors-f 

•  U  Alpt  el«  Pfivooo  r/bitfv.  pp.  »T0,  S7I. 

t  ti&Bi>»SK.  BetfttOfu  JfrJlMMHJied,  iL,  p.  195. 

Tho  foUowiu^  wall'Btlasted  Insbuioo  of  a  local  cbsogv  of  dimato  ia  probably 
to  b*  r»fon«d  to  tb«  iofloaBO*  of  tb«  foront  u  a  «h«ltar  agamtt  cold  wlnda,  To 
aoppi;  tb«  aKtnwrdlnaiy  d«maad  foi  Itolinn  lioa  oooubioad  by  ths  axdndoa  of 
KnflUh  irou  In  ihe  blnuj  of  NApol&on  I. ,  tbe  famacM  of  tlio  nJleTi  of  B«tK«BO 
vara  ntiraaldtod  to  great  aotivitf.  "  TJio  ordinarj  produoUua  of  diarcoal  oot 
•nlBeiiv  tofesd  Ihe  fonuwoa  and  the  torgm,  the  wooda  wnn  fellod,  the  eopWf 
cot  befom  Uwix  tima,  and  the  irbolu  i^ouDOfu;  ol  the  tomt  waa  detangMl.  At 
Piaxzatnrre  them  vaa  anch  a  dcnulatJon  of  tho  iroo<!ii,  nsd  con*eqiin)tlj  sooh 
an  mcreaoMl  Mveritjr  of  uUiaatu,  that  mai^a  no  longur  riiwued.  An  aaMoa- 
tioa,  forranl  far  tb»  pnrpoM,  effocted  the  rartcnratioQ  of  tha  tonafe,  and  malsa 
floaiUm  affain  iu  tba  fields  of  Piawatom."— Report  b;  O.  BoaA.  in  JlJVUae- 
itlco,  Dioembra,  1B61,  pt  614. 

Sinilac  araalioratioiu  faav«  bees  produced  bj  [ilantatloDt  lo  Belgtam.  In 
aa  tBtarestliig aeriea  of  oitjctcs  hj  Baade,  euUUod,  '*Les  COtcade  laXanolie," 
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The  local  retartlation  o£  sprtug,  so  mudi  complainoc]  of  in 
ItaJj,  Franco,  and  Snitzerland,  and  the  increased  f^t^qucueJr  of 
late  fn«ts  at  (lint  seaaon,  ftjipear  to  be  useriljaMo  tu  the  adinis- 
Biou  of  aild  blasts  to  die  Burface,  by  tlie  fellin^  of  tlie  forests 
which  formerly  both  screened  it  aa  by  a  wall,  and  commani- 
cated  the  warmth  of  their  soil  tu  the  air  and  cai'tli  tu  the  leeward. 
Cainii  Btatos  that  siiteo  tlie  cutting  down  of  tlie  wooils  of  the 
Apcnuinos,  the  ootd  winds  deatray  or  stunt  tho  vegetation, 
and  tliat,  in  conseqnenco  of  *'  the  iianrpation  of  winter  on  tho 
domain  of  spring,"  the  district  of  Mugcllo  has  lo6t  all  its  uml- 
borriea,  cxcopt  tho  few  which  find  in  the  loo  of  buildings  a  jiro- 
tectiou  lilte  that  once  fm-iiishfd  by  the  forest,* 

The  department  uf  ;Vnloclie,  which  now  contains  not  a  fiiuglo 
considerable  wood,  has  espcrieuccd  witliiu  thirty  years  a  climatic 
disturbance,  of  which  the  late  fpjuts,  formerly  unknown  in  the 
country,  are  one  of  tlie  must  inclanclioly  effects.  Similar  rcaulta 
have  been  obaened  in  t!xe  plaiu  of  Alaaee,  in  consequeuce  of 
the  denudation  of  several  of  the  crests  of  the  V<»ge6.f 

Xhusard,  aa  quoted  by  Kibbe,^  inaintaiud  that  even  the 


fa  llw  Revat  da  Dnuj  l^oiuUa,  I  And  this  stntcmsnt :  *'  A  spoctolor,  plncod  od 
tboErunmubtill-tovreiof  t.b«  cathoJrHl  of  Aubwcrp.  uw,  oot  long  «inc«,  os  Ui« 
opposite  Bido  of  Lha  8chcJ<lr,  unljr  a  Tart  deMprt  iilaln ;  now  ha  sooi  s  forest, 
the  limibi  of  which  are  o(>nfoutMl«(t  with  the  faorizoo.  Lot  him  enter  withiii 
iU  kbAde.  Th«  luppoMHl  foroat  jfl  bnt  a  BTstcm  of  rcgtilAT  rows  of  etmn,  tha 
OldMt  of  which  i*  not  forty  ye&rs  of  sg«.  Th««e  plAuULtiona  have  amtflioratcd 
the  climate  which  had  doomed  to  Bterilitj-  Uiu  miil  where  tliejr  are  pluited, 
WbDe  the  tempest  ia  Tiolcntly  a^tatitts  their  top-,  the  air  a  little  tmlow  {a 
vtiU,  Hid  Mu>da  far  more  barren  than  the  plateau  of  La  Ilofj^e  have  been  Irana- 
trnder  their  protection,  iato  fertile  fleldi." — Bewe  da  Deta  Mt/rulsi, 
IBSB,  p.  1277. 

*  C^tutimiia  Importanta  t  C<Mura  dei  Butehi,  p.  81. 

\  CLAV4,  £tHiU*,  p.  44. 

It  hap  been  obwrred  ia  Sweden  that  the  spring,  in  many  dtstrlcta  where  the 
forert*  bav*  bees  cleared  off,  now  com««  on  a  fortnight  later  than  in  the  la«t 
ceutarjr.  —  AmJdBX^EH,  On  Shovau  ■  Nffrjfe,  p.  101. 

;  La  /*nHWUtf  au  jubU  ds  mm  dm  TorrtHl*  H  dat  litandation*,  p  10. 

DmsarrI  U  iloutillcitf  hUtoriunlly  iuaccutabu  iu  roakiuy  the  origin  of  the 
Biiitiial  ao  late  aa  the  time  of  Aufrtuttiui.  Diodorna  Bicnliu,  who  woa  a  coq- 
Immpoaay  ot    JoUiu   Cnnar,  deoctiljea   the  noitb-weat  winds   in    Qaol    aa 
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mivtralj  or  north-west  wind,  \vhc«c  chilliii;*  blasts  are  s<»  fatal 
to  tender  vegtstation  in  the  B|irin(j,  "is  tlie  eliild  of  man,  the 
result  of  hi«  devastations."  ''Tlitder  tlio  ri-i;^  of  AiifjiiBtiis," 
coutiuncs  he,  "the  forrsta  which  jmitotited  the  C^vonnes  were 
felled,  or  destro^ycd  by  lire,  in  mass.  A  T]wt  cntinlrj-,  before 
covered  with  irapeiictmblo  woods — powerful  obtitacloa  to  the 
m<nx-nicnl  and  even  to  the  fornmtiori  uf  hurricaneH— wiw  sud- 
denly denuded,  awept  baj-e,  atripptd,  and  soon  aft«r,  a  gfiourge 
hitherto  unknown,  struck  terror  over  the  land  from  Avif»;n<>n 
to  the  Bouiihes-du-Rhnnc,  thence  tn  MarseiHes,  and  tJicn  ex- 
tended it*  ravagi*,  diminished  indeed  by  a  hmj;  career  which 
liad  ]iartially  cNhaustod  its  ftirfo,  uvur  the  wJiole  niaritiino 
frontier.  The  people  thought  this  wind  a  cnrse  sent  of  God. 
Tlicy  raised  altai^  tu  it  and  offered  sacrifices  to  appease  its 
rage"  It  seems,  however,  that  this  p]a<^ne  was  loea  deetriie- 
tivc  tlian  at  present,  niitil  the  ch«se  of  tJie  sixteenth  century, 
when  further  clearings  had  i^nioved  rnoat  of  the  remaininj^ 
barricre  to  its  course.  Up  to  that  time,  the  norlh-west  wind 
ap{>eai:3  nt>t  to  liave  attained  to  the  maximnni  of  specific  effect 
which  now  cliaracterizcs  it  a::*  a  local  phenomeuon.  E.\tcusivo 
districts,  from  which  tJie  rigor  of  tJie  teiwtms  hfis  now  banished 
Talmihlo  crops,  were  not  then  expo!»ed  to  the  loss  of  their  har- 
veeta  by  tempests,  cold,  or  di-ou^iht.  The  deterlorarion  was 
rapid  in  its  progran.  Under  tlie  OonsuUte,  the  clearing  had 
exerted  so  injurious  an  effect  upon  the  climate,  that  the  cidti- 
vatiou  of  the  olive  had  retreated  scvemi  leagues,  and  since  the 
whiU.>rs  njul  springs  of  1<S20  and  1S3G,  this  brancti  of  rural 
indufitry  has  been  abandoned  in  a  gi-eat  nnmber  of  localities 
where  it  was  advantageously  pursued  before.  The  orange 
now  lloiirishcs  only  at  a  few  sheltered  points  of  the  coast,  and 
it  is  threatened  even  at  Hydros,  where  tlie  clearing  of  the 

Tfolant  cnoogh  to  burl  a]on;f  stooeit  sa  larg»  u  tfao  Sat  with  oIckuU  of  imkI 
and  BTavd,  lOftriptrarellenior  cKeir  arms  Mid  clottiiti){,  and  U>  throw  rannnted 
mm  fmot  thalr  borwox.  iiilitiMhaea  IBUarictt,  lib.  t.  ,  o.  xxvL  ]>iodonia,  h 
b  tnu,  la  apeakinE  nf  tliD  dinwte  of  0«il  io  geuurml,  Init  tiia  d«Mrtption  ou 
hardljF  refer  to  uiftbing  bat  the  mittnil  of  Soatb-eaetcra  Fnuun. 
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lulls  near  the  towu  haft  proved  very  prejudicial  to  this  valu- 
able tree. 

Mai-eliand  informs  us  that,  sitieo  the  fulling  of  the  upooda, 
late  spring  fi-u&U  iirc  more  freqneut  in  inaiiji'  localitieft  north 
of  tlio  Alps ;  Uiat  fruit-troea  thrive  no  longer,  and  tliat  it  is 
didicult  oven  to  raiiio  young  fi-u it- trees. *^ 

In^ucMC  of  the  forest,  eonaidcred  m  Inort/antc  MaUor^  on 

Tlie  evaporation  of  fluids,  and  the  condensation  and  exjwn- 
sion  of  vajwrs  and  j;asc8,  ai-o  atteudcJ  with  changes  of  tein|>er- 
aturc;  and  tlju  (|iiHntity  of  muliittiro  whicli  tlie  air  is  capahle  of 
ooiitaiiiiiig,  and  uf  course,  othur  things  being  equal,  the  evapo- 
ration, rise  and  fall  with  the  theniioineter.  The  hygroscopicail 
and  the  thermoiscopical  conditions  of  the  atmosphere  are,  thci^ 
fure,  inscparubly  connected  as  i-eciprcK:atly  depctidout  quantitiee, 
and  noitlier  cnu  ho  fully  dis<!US3cd  without  taking  notieo  of 
the  iitlier.  The  knaves  of  living  trues  tixhale  enormous  quau- 
tities  of  gas  and  of  aqueous  vapor,  and  they  lately  alieorb 
gmscs,  and,  under  certain  conditions,  pmbatily  also  %rater. 
Hcucc  they  affect  mure  or  leas  jwwcrfuUy  the  temperature  as 
veil  aa  Uic  huniidity  of  the  air.  But  the  ^^rest,  regaided 
purely  as  inorganic  matter,  and  without  reference  to  its  living 
processes  of  absorjition  and  exhalation  of  gases  and  of  water, 
has,  as  an  absorbent,  a  mdititor  and  a  conductor  of  heat,  and  as 
a  mere  wvering  of  the  ground,  an  influence  on  the  tcmpcratiu'c 
of  the  air  and  the  cnrth,  which  may  be  couiiidered  by  ituelf. 

Absorbing  and  J^mitting  Surfaoe, 

A  given  area  of  ground,  as  estimated  by  the  evcry-day  mle 
of  measurement  in  yai-ds  or  acres,  presents  always  the  same 

•  UtUr  die  Bntmaidimg  der  Oebirffe,  p.  88. 

ZtttorMtdiiff  facfa  and  obMrratioiM  oo  thb  ixiini  will  be  foDod  in  tbe  Tolnuble 
Sbporloa  tAt  XffteUe/tAe  DntntoUmi^  Ou  P^trmUia  Wiseonnn,  bj  LatuaK 
vtd  othen,  pp^  6,  18,  SCl 
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apparcut  c^uautlty  of  abeorbuig,  rodiiitiiig,  and  reflecting  ear- 
face;  but  tho  real  exteut  of  that  surface  is  very  variable, 
dojiending,  as  it  does,  upon  its  conti^ui-atlon,  and  the  bulk  and 
form  of  the  adventitious  objects  it  bears  uix*u  it;  and,  bediJes, 
tho  tnio  supei'fiuics  remaiiting  the  samCj  its  power  of  abtiorp- 
tidii,  radiatiou,  n.*flectiuii,  and  t-^>iiduution  of  heat  wiU  be  much 
affeeted  by  its  coueititeiici.',  Its  grejiter  or  Iias  hiuiiidity,  aud  itd 
coW,  as  well  as  by  its  iiicliiiatiou  of  plaue  and  exposure.  An 
acre  of  clay,  rolled  hai-d  and  Binooth,  would  have  great  reflect- 
ing power,  but  its  radiation  wuuld  be  much  increased  by  break- 
iug  it  up  into  clods,  beuuuse  tho  actually  cxpc>6ed  surface  would 
be  grealt'i-,  though  ibo  outline  of  tlio  field  remained  the  same. 
The  inetpnditieR,  uatural  or  artificial,  wliirh  ulwayii  ticcur  in  tiio 
surface  of  oi-dinai-y  eartli,  affeet  in  the  ftaino  way  its  quantity  of 
Bupertieiea  acting  nixju  tho  teuipcruture  of  tlie  atmosphei-e, 
and  acted  on  by  it,  though  the  amount  of  this  action  aud  reac- 
tion is  ttot  susceptible  of  measurement. 

Analogous  effocla  are  priKlufod  by  (rthor  objects,  of  whatever 
form  or  character,  standing  or  l^ing  ujH»n  the  earth,  ami  no 
sulid  cau  be  placed  u[Mn  a  tlat  piece  of  ground,  without  itself 
esjweiiig  a  greater  surface  than  it  eovum.  This  applios,  of 
course,  to  forest  treed  and  their  leaves,  and  indeed  to  all  \*^eta- 
blcs,  as  well  as  to  otiier  pi-ominout  bodies.  If  wo  Bupixise 
forty  trees  to  t)C  phiuted  ou  an  acre,  one  being  situated  in  the 
centre  of  evcrj'  square  tif  two  rods  the  side,  aud  tu  grow  until 
their  branches  and  leaves  everywhere  meet,  it  is  evident  that, 
when  in  full  foliage,  the  trunks,  bmnches,  and  leaves  would 
present  an  amount  of  thermotjcupic  surface  much  gieatcr  than 
that  of  on  acre  of  bare  enith;  and  besides  tliis,  the  fallen  luavL'S 
lying  scattered  on  the  ground,  would  fetimcwliat  augment  the 
BOui-lotaL*  On  tlie  other  hand,  the  growing  leaves  of  trees 
gcuerelly  form  a  eueei-ssii'n  of  stages,  or,  loo»ely  »i>caking, 

*  "Tbe  WutiingtonetniKtCiunbrldgv — Btmc  of  noextnonlliuujidsa — «M 
■one  jtaa  ago  estimntvJ  to  piu^luco  a  cr>ii  of  mt*b  miiliona  at  loatw,  tx- 
poriag  a  sarfBca  uf  («o  titiiiilntl  Uiirii)«uiil  ninim  feet,  or  aboat  fiw  umn  of 
IoUngi:."-~GltAT,  Firtt  jCcmuai  )»  Bvtanjr  and  VtgttabU  Fkjftiolon. 
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Ujrere,  correeptiDdiug  to  tlie  animal  growth  of  the  braiitrhes, 
uid  nioi-o  or  less  overlying  eaiUi  other.  This  dtspoeiUon  of 
the  foliage  iuterferes  with  tliat  free  cominmn cation  between 
suu  aiid  sky  above,  and  laif-biirfauc  bclon*,  on  whic-li  the 
aQWimt  of  radiatiuu  and  ab^rptiou  of  huat  depends.  From  all 
theae  considerations,  It  appciirs  that  tlionyh  the  effective  ther- 
nwsoopii!  8Ui-facQ  of  a  furc^t  iu  full  leaf  dues  nut  exceed  tliat  of 
lure  ground  in  tJie  same  proportion  as  duo6  ila  measnred  t^nper- 
ficies,  vet  the  actual  qnaniity  of  area  aapable  of  reeeiviug  and 
emittiug  beat  must  be  greater  in  the  iuriuer  than  in  tlie  latter 
case." 

It  must  further  bo  remembered  that  the  form  and  texture  of 
a  given  surfaeo  are  important  elenit'uts  iu  dutentiining  its 
tlicniiitfcopic  character.  LeaveK  are  porous,  and  admit  air  and 
light  more  or  lees  freely  into  their  fiubstunee  ;  tliey  are  genei^ 
ally  smooth  and  even  glazed  on  one  i^nrfaco  ;  they  are  usnally 
covered  on  one  or  both  sides  witli  ispictila,  and  they  very  com- 
monly present  one  or  more  ftenminatcd  points  iu  their  outline 
— all  eireiiuislunees  which  teud  to  augment  their  jH>wer  of 
emitting  heat  by  reflection  or  radiation.  Direct  experiuieut  tm 
growing  trees  i&  very  dtlHciilt,  nor  ia  it  in  any  co^e  practicable 
to  distinguish  how  far  a  reduction  of  toini»eratnre  prttducud  by 
vegetation  is  duo  to  radiation,  and  how  far  to  exhalation  of  tho 
l^ueoos  and  watery  fliuds  of  the  plant;  fur  both  pna-essea 
nsoally  go  on  together.  Itut  the  frigoritiu  effect  of  leafy  gtnic- 
ture  is  well  obiwrvcd  in  the  deposit  of  dew  and  the  occurrence 
of  hoarfrost  ou  the  foliiLgo  of  graces  and  other  small  vegetables, 
aud  on  utlier  objects  of  similar  fonn  and  consistence,  when  the 
temperature  of  the  air  a  few  feet  above  has  not  l>ecn  biTiiight 
down  to  tho  dcw-poiut,  still  less  to  SH",  the  degree  of  cold  re- 
quired to  oongcnl  dew  to  fnwtf 


*  Sas,  oo  Clilii  partionlar  point,  and  on  the  gcneml  inllaenoe  of  the  foraat  an 
tompanttm,  HrMBoi.DT.  AmitAUn  dtr  A'Uur,  I,  158. 

f  TIte  Imitcn  and  twi(^  uf  plants  may  b«  ndooed  bj  radiation  to  n  t<>mii«ni- 
turo  )ow«r  tban  that  of  tb«  ambient  atinDspb«r«,  uiA  emi  be  fioxea  whvu  th« 
airinooniAQt  wiLhtliciiitiatKrre  83'.  Tlivii  teiupcraborc  may  be  iximtuttuicatsd 
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"We  are  al&o  to  take  icto  account  the  actiou  of  the  forest  as  a 
coitductsr  of  heat  between  the  atmosphere  and  the  earth.  In 
the  moiit  imjv}rtant  countries  of  Amenca  and  Enropo,  and  es- 
pecially in  tho^c  which  hare  snffcrcd  most  from  the  dcstntction 
of  the  woods,  the  eupcrficial  strata  of  the  earth  are  colder  iu 
winter,  and  warmer  in  sammer,  thau  t\n*rv  a  few  inches  lower, 
and  their  ehiftiug  tem]>crature  appro^cimatcs  to  the  atniu^herio 
mean  of  the  re;3{>cctive  eeafions.  The  roots  of  largo  treoa  {>ene- 
trate  beneatb  the  enpcrlicial  futrata,  and  reach  earth  of  a  nearly 
oonstant  temperature,  corrcsponiiing  to  the  mean  for  the  entire 
year.  As  conductors,  ihej  convey  the  heat  of  tlic  atmcephere  tu 
the  earth  when  the  eaith  is  colder  than  tlie  air,  and  transmit  it 
ill  the  contrary  direction  when  the  tcin|)eiaturc  of  the  cartli  h 
higlier  than  tliat  of  the  atmosphere.  Of  course,  then,  as  ctin- 
dactors,  they  tend  to  e<|nali2e  the  temperature  of  the  earth  aud 
the  air. 

In  countries  where  the  questions  I  am  considering  have  the 
great««t  pi-a^^ticul  iuiportaiiee,  a  very  lai-pe  pmportion,  if  nr* 
a  majority,  of  Uie  tre<»  arc  of  deciduous  foltnge,  and  llieir  radi- 
ating as  well  us  their  ehadin*;  surface  is  very  much  greater  in 
summer  thau  in  winter.  In  the  latter  scaeon,  they  little  obi>trn«:l 
the  reception  of  heat  by  the  ground  or  the  i*adiation  from  it ; 


(o  Ibe  ie*  depodbnl  on  tfavm  anil  Uiiu  thU  (tow  be  OOOTWted  into  fitOM  wIms 
l^otNilai  of  wwitry  tfaiid  JloAtiog  in  tko  stmoBplka*  luar  tbcm,  in  Um  opodttioa 
of  fug  or  Tmpor.  do  not  beoomv  coog6mUiii. 

It  hw  laog  be«u  loMwii  UuU  T«g«Ublct  o«b  be  prateoted  apuisft  txoA  bj 
dilTuNlog  nuoke  tbtuugb  tlte  etmoepliete  ebove  tliea.  Thb  method  haa  faeoa 
lately  praetiMd  In  Fnnoe  on  m  lugv  aoftlt :  TinejrudBof  fortrwAftrMra  ha** 
beeo  proteoMd  hj  ptacjng  one  or  two  row*  of  pota  of  bwning  ooal*tar,  or  oC 
aapbtba,  tleag  tlw  aoRh  aide  of  ibt  TineTard.  and  tltaa  'f*^T**y  ap  a  dood  ot 
BtDoka  tor  two  or  three  bonis  before  and  after  wmriw.  The  expeaaa  la  mid 
to  be  Btnall,  and  probablj  It  ml^t  be  tedooed  bf  f^xiof  aone  teaa  oombaiitt 
bic  fabetanoe,  aa  earth,  with  the  flaU,  aad  thaa  eheokfaig  ita  too  mpU  biWBlng. 

The  ndiatiBg-  and  Tetrl^eratiBc  power  of  ottfaela  ^  bo  a»ana  dependi  on 
their  form  alanck.     Mellooi  ont  aheeU  of  metal  falto  Um  diape  et  leave*  and 
gramm,  and  fMusd  that  tb«7  prodoeed  littie  eooU^  effect,  and  wen  not  nwla 
tened  Wider  alntoipberic  cotulittooa  which  datermliied  a  plentifol  depoaik  oC 
dew  on  the  leareaof  ngetablea. 
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whereas,  in  the  former,  they  often  interpose  a  completo  canopy 
betweeii  the  ground  aiid  the  sky,  and  inatcriallj  interfere  with 
hoili  i>rf>cc8sca. 

Dead  Products  of  Trees. 

Besides  this  %'arioiiB  action  of  standing  trees,  eorsidcreU  as  ia- 
orpinic  mattcrj  the  forest  exercises,  by  the  annual  nmiiltiug  of 
its  foliajjo,  fitill  ttiir>thor  influenco  on  the  temperature  of  the 
eartJi,  and.  coneequently,  of  the  atmosphere  which  resits  upon  it. 
If  wc  examine  the  conetitution  of  the  Bnperficial  soil  in  a  pr-imi- 
tivo  or  an  old  and  widistiorbed  artificially  planted  wood,  wo 
find,  first,  a  deptsit  of  undecayed  leaves,  twigs,  aiid  gcedt?,  b'"'ff 
in  Ii>06e  layers  on  tlie  surface  ;  then,  ni'ire  t-oinpact  beds  uf  tlio 
same  matenals  in  int^ipient-,  and,  a.'^  we  di-iteond,  more  and  more 
advanced,  stages  of  deeomjKwiiion ;  thou,  a  mae«  of  black  mould, 
in  which  traces  of  organic  suuctnro  are  hardly  discoverahie 
except  by  micrLecopiu  esamiuatiuu ;  then,  a  stratum  of  mhicral 
Ktil,  more  or  lees  mixed  with  vegetable  matter  carried  duwn 
Into  it  by  water,  or  residting  froiti  the  decay  of  i-oots;  and, 
finally,  the  inoi^nic  cailh  or  rock  itself.  AVithuiit  this  deiMisIt 
of  the  dead  products  of  trees,  this  latter  would  he  the  superfi- 
cial stratum,  and  as  ite  powers  of  absorfition,  radiation,  and  i-on- 
diictiou  of  heat  would  differ  essentially  frt^ra  thoso  of  the  layers 
with  whieli  it  has  been  covered  by  the  droppings  of  the  forest, 
it  would  net  \\\>on  the  temperature  of  tlie  atmubplioi-e,  and  tie 
acted  oil  by  it,  in  a  very  different  way  from  tlio  leaves  and 
mould  whicli  rest  njwn  it.  Dead  ]eavee,still  entire,  or  partially 
decayed,  are  very  imlifferent  condnctoi-s  of  heat,  and,  thcrefuro, 
tlK>ugh  they  diminish  the  wanning  intlueuce  of  the  summer 
Sim  cjti  the  soil  below  them,  they,  on  the  other  hand,  prevent  the 
Ci^-ape  of  heat  from  thiit  K'il  in  winter,  and,  consequently,  In 
ooUl  climates,  even  when  the  ground  is  not  covered  by  a  pro- 
tecting mantle  of  snow,  t!ie  earth  docs  not  &eeze  to  as  great  ft 
depth  iu  the  wood  as  ui  the  opeji  Held. 


1T2 


gpaosno  HXAT. 


Trees,  considered  as  organisms,  produce  in  tliemselvea,  or  in 
tbc  air,  a  certain  amount  of  beat,  hy  absorbing  and  condcnsin<^ 
atiniiKplienc  gases,  and  ttuty  exert  an  oj>pi»itc  influence  hy 
al««irbing  water  and  e\)tal)ng  it  in  tho  form  of  vapor ;  bttt 
there  in  still  another  mode  by  which  their  living  processes  may 
warm  the  air  around  them,  iudependenily  of  the  thermometric 
offccts  of  cundeneatlun  and  tivaporatiuti.  Tlie  vital  beat  of  a 
dozen  persons  raises  the  temperature  of  a  room.  If  trees  pos- 
eeen  a  speviSe  tempc^rature  of  tliicir  own,  an  organic  power  of 
generating  heat  like  that  with  wliich  the  warm-bloodod  ani- 
mals axe  gifted,  thongh  by  a  different  pnicKis,  a  certain  amount 
of  weight  is  to  be  ascribed  to  this  clement,  in  estimating  the 
action  of  tlio  forest  upon  atmospheric  temperature. 

BotiEsingault  remarks:  "In  many  jlowcrit  there  has  been 
observed  a  very  considerable  evolution  of  heat,  at  tlie  approach 
of  fecundation.  In  certain  arums  the  temperatui'e  rises  to  40" 
or  fiO«  CenU  [=  104*  or  122°  Fahr.]  It  is  very  probable  tliat 
this  ]ihenom6non  is  general,  and  varies  only  in  the  intensity 
with  which  it  is  manifested."* 

If  we  snpjiiee  the  fecundation  of  tho  flowere  of  forest  trees 
to  bo  attended  witli  a  tenth  only  of  this  calorific  power,  they 
could  not  fail  to  exei-t  an  important  inQnence  on  the  warmth 
of  the  atmospheric  strata  in  contact  with  tboni. 

Experiments  by  Mtyjuscher,  in  Lombardy,  led  tliat  observer 
to  conclude  "  that  tlie  wood  of  a  living  troo  maintains  a  lem- 
perature  of  +  12"  or  13*^  Cent.  [=54%  SO*  Fahr.]  when  tho 
lemperatnre  of  the  air  stands  at  3',  7%  and  S*  [=  37",  40", 
47*  F.]  alKjve  zero,  and  that  tho  internal  warmth  of  the  tree 
docs  not  riiie  and  fall  in  prtiportion  to  that  of  the  atmoefihere. 
So  king  as  the  latter  is  beh>w  18*  [=  67"  Fahr.],  tliat  of  the 
tree  ia  always  the  higlici^t ;  but  if  tlie  temperature  of  tho  air 
rises  to  18%  that  of  the  vegetable  growth  is  the  lowcfiL     Since, 

*  £ei?Homu  ^unUej  i.,  p^  S3L 
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then,  trees  maintain  at  all  seasoas  a  coiistant  mean  tempera- 
ture of  12°  [=  54"  Fahr.],  it  i»  easy  to  see  wfiy  ih©  air  in  con- 
tact with  the  forest  must  be  warmer  in  winter,  cooler  in  smn- 
mer,  llian  in  sitimliuns  where  it  is  dcpiived  of  that  iiifliicncc.'"* 

Professor  Henry  saj-s:  "As  a  general  deduction  from  chemi- 
cal and  mechanical  principles,  we  think  no  change  of  tempera- 
tare  is  ever  produced  where  the  actions  belongiiif^  to  one  or 
botli  of  these  principles  are  not  present  Hence,  iu  midwinter, 
when  all  ve^etahle  fimclious  are  donnant,  we  do  not  believe 
that  any  hent  ie  developed  hy  a  tree,  or  that  its  interior  differs 
iu  temperature  fi-cm  ita  exterior  further  than  it  is  protected 
frc-ni  tlio  external  air.  The  experiments  which  have  been 
made  on  this  point,  we  think,  have  been  diroetcd  by  a  false 
analogy.  Duriuj;  the  active  circulation  of  the  sap  and  the  pro- 
duction of  new  tissue,  varijitlous  of  temperature  belonging  ex- 
chisively  to  tlie  i>laut  may  lie  observed ;  but  it  is  inconsistent 
with  j^eueral  principles  that  heat  stiould  be  f;encratcd  where 
no  change  i»  taking  place.'"  f 

Tliere  can  bo  no  doubt  that  moiBture  i«  given  out  by  trees 
and  evaiwrated  in  extremely  cold  winter  weather,  and  indoas 
new  flniil  were  supplied  from  tlie  niuts  by  the  exorcise  of 
some  >ntal  function,  tlie  true  would  be  e.thansted  of  its  juices 
before  winter  was  over.    But  this  is  not  obBcrved  to  bo  the 


*  Xmuria  ntr  Hoaehi  ddUt  fjnubardift,  p.  45. 

The  nmtta  of  reoent  Mtperlmontii  hy  Bocqaerel  do  not  Moord  wlUi  tiiOM 
efct^uad  hj  Hegnacher,  nsd  tha  former  eminent  phyidd«b  holds  that  "  a  tree 
k  warmed  in  th«  uc  like  vaj  inert  bod/."  At  th«  Mme  tim*  lio  MMrt«,  m  a 
bet  well  anoeitBined  hjr  experimcat,  that  "  vc^tAhleR  pomom  In  thenudrea 
the  [lOwer  of  reoCittiiif  cxtieme  cold  for  a  coctom  length  of  tiiov,  .  .  •  . 
and  hpnon  It  in  ti<  liered  that  thnre  may  oxigt  in  the  otganiam  of  plaots  a  foree^ 
lBd«pecdent  of  the  eocdnction  of  calorii;.  whioh  naista  a  dagTM  of  cold  abova 
the  ftaoiltig- point."  In  a  toUoninf*  [w^  ha  oitM  oliRerratlona  mnde  \sy 
BufMod,  oiuler  the  parallel  of  ^8'  N.  Ii,,  l>etw««n  the  months  of  Normnber 
and  Jnno,  during  moiit  of  which  time,  of  courae,  Tef(etable  life  wan  m  ita 
d«opeit  UlliaiiiT.  Boj^eaiid  foond  that  when  the  temperatare  of  the  Air  wm 
at  — S4°.O0,  that  of  a  poplar  woe  only  at  — SB'.TO,  whiah  oortohil;  oonflmui 
llw  doctrine  that  trees  exerdM  a  oertain  intomol  teatstaaoe  igaiatt  oold. 

f  Vn(t«d  i^(4»  PaUnt  qfice  Ssjfort  for  1837,  pi  SOL 
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fact,  and,  though  Oie  point  is  disputed,  rcspcclablo  authoriiies 
declare  that  "  wood  felled  in  the  depth  of  winter  is  tlie  heaviest 
Rud  fullest  of  sap."*  Warm  wontlior  in  winter,  of  too  t^hort 
continuance  to  affect  the  teinpeititiire  of  tlie  ground  eengibty, 
gtimnlates  a  free  How  of  sap  in  the  maple.  Thus,  in  the  last 
week  of  December,  1S62,  and  the  first  week  of  Janiiary,  1S03, 
sugar  was  made  fi-ora  that  ti-ee  in  various  parts  of  New  Eng- 
land. "A  single  branch  of  a  tree,  admitted  into  a  warm  room 
in  winter  tliruugli  an  apcrtiiro  in  a  window,  opened  lU  buda 
and  developed  ita  leaves,  wlnle  the  rest  of  the  tree  in  tlie  exte> 
nal  air  remained  in  its  winter  Bleep.'^t  ^'ke  facta  are  matter 
of  every-daif  observation  in  gi-apuriea  where  the  vino  is  often 
planted  onteide  the  wall,  the  stem  passing  thi-ough  fin  aperture 
into  Uie  warm  interior.  The  roots,  of  conrse,  stand  in  ground 
of  the  ordinary  winter  ienipei"atnre,biit  vegeUition  i»  develupcd 
iu  the  branches  at  tlie  pleasure  of  the  gardener.  The  roots  of 
forest  trees  in  temperate  climates  remain,  for  the  most  part, 
iu  a  m<tist  soil,  of  u  temperature  not  much  below  the  annual 
mean,  through  the  whole  winter;  and  wc  caimot  account  for 
tlie  nnintorrupted  moistmi!  of  the  tree,  unle&s  wo  sup{>osc  that 
the  roots  furnish  a  conRtant  fiuiijilj  of  water. 

Atkinson  describes  a  ravine  in  a  valley  in  Siberia,  which  was 
filled,  with  ice  to  the  depth  of  tweuty-five  feet  Pojilars  were 
growing  iu  this  ice,  whicli  was  tba^wcd  to  the  distance  of  some 
inches  from  the  stem.  Hut  the  surface  of  the  soil  beneath  it 
must  have  remained  still  frozen,  for  the  holes  around  the  trees 
were  fiill  of  water  resulting  from  ita  molting,  and  this  would 
have  escaped  below  If  tlio  ground  had  been  thawed.  In  this 
case,  although  the  roots  had  not  thawed  the  thick  covering  of 
earlli  alH>vG  iJiem,  the  trnnks  must  have  melted  the  ice  in  con- 
tact with  thom.  Tlie  treee,  when  ohsorved  by  Atkinson,  were 
in  full  leaf,  but  it  docs  not  aj>pcar  at  what  period  tho  ico  around 
their  stems  ha<l  melted. 

From  these  facts,  and  others  of  the  like  sort,  It  wonid 
Bocm  that  "  all  vegetable  functions  are '' not  absolutely  "  dor- 


*Br>»u[i£«L£K,  JMr  irabf,  p.  IM. 


I  Ibid,  p.  too. 
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m&iit'*  in  n-iiitcr,  and,  therefoi-e,  that  trees  maj  gWo  ont  soma 
beat  even  at  that  seaaoi].* 

It  does  not  ap[>car  tlmt  observations  have  been  made  on  the 
gpecliil  point  of  the  dovelopinent  of  heat  in  forurtt  tree*  during 
flnrttieatiun,  or  at  an/  other  period  of  intonBt}  vital  aetioii;  and 
heiico  an  important  element  in  the  argument  remains  undeter- 
mined. The  "  circuladon  of  tlie  sap"  wimracncea  at  a  veiy 
early  period  in  the  Bpriiig,  and  the  temperature  uf  the  air  in 
contact  with  trees  may  then  bo  siiflieiently  affected  by  heat 

*  All  CTCTi^reenR,  even  the  broad-leared  treen,  reaiBt  froatu  of  extrnonHiiary 
•ererity  Iwttor  than  tho  decidaona  troca  o(  the  earns  cliraatGH.  Is  not  this 
becsDit  the  rital  prDoesKx  of  tiecN  of  porniRtent  (olinj^e  uc  ]«m  iotcrrupMd 
dwinc  vrintcE  than  ttuMe  of  iroef  which  tumuall;  Ahed  thuir  leares,  uui  OuA 
thcnfore  more  or^nlc  beat  la  dcrcloped  ? 

la  eroniaff  Hout  Ce»bi  tit  Ootober,  ISQD.  vhea  the  Iq&vch  ot  the  butilicN  on 
th*  northeni  olopA  taxd  uetir  the  top  of  the  mounCAin  were  entimlj  <]«&>!  and 
turned  broMOi,  1  ubwin'iHl  Uuit  thcoe  trace  were  i-oi»pletcljr  white  witH  hoar- 
froet.  It  ^ti*  ft  woiKterfnl  sight  to  nee  how  evtiy  teiof  wiui  corcrtd  witli  ft 
delicAte  de|>oeit  of  frutea  «q,{ieouH  vapor,  which  gave  the  etivot  of  th«  most 
tdlHwit  iilver.  Od  the  other  hud,  the  erer^recn  ccmitem,  which  were  grow- 
iag  mumg  the  liutibt-s,  and  tbereforo  lu  tlie  Kuiie  cvuditiooe  of  exponire,  were 
almoet  entizeljr  fi««  from  front.  The  contiMtt  Ixitiweea  the  rerduio  of  the 
Iflarce  of  the  evoi^TccuH  aiid  the  cryattUUoe  ipleiidor  of  tbuac  of  tfaa  l«rcbes 
WM  ntrikinglT  h«antirul.  Wak  thla  faocdiiR  to  a  dIff(<rcDc»  in  the  ootoread 
atoicturu  of  the  leaivca,  or  rather  ia  it  u  proof  of  a  viUil  force  of  reeisUuice  to 
Mid  ia  the  living  folbpt  of  tko  txergmcii  tree  ? 

The  low  teinpentui«  of  nix  and  aoil  at  whioh,  in  the  frigid  looe,  as  woU  ae 
io  warmer  latttodra  onder  iq>eclal  drcnmataneea,  the  proceaMs  of  ri^ctatton  go 
on,  aeenie  to  ueeeadtatc  the  aapiuj^Itioe  Utat  till  the  uiauifectatiuiu  of  vegeta- 
ble  life  are  attended  with  an  evolution  of  heat.  In  the  United  States  it  ia 
eoDUoa  to  prvtvct  ice,  Ln  ic«>bouaeii,  b;  a  covenug  of  straw,  which  nntnr&Jl/ 
•Mtftinioe  oontAlna  kemclii  of  grain.  These  often  aprout,  and  uren  throw  out 
roota  and  leave*  to  a  considentblo  length,  in  a  himperaturc  vcr;  itttla  above 
the  {rcezlng-pofnt.  Tbrre  or  four  jears  alnce  I  aaw  a  Ittmp  of  very  dear  and 
appareatly  solid  lee,  abonC  eight  incb<-s  long  hy  alx  thick,  oq  which  a  kcmol  of 
grain  bad  Rproated  in  rut  toe-houae,  and  sent  half  a  doien  or  more  verj  Nlenditr 
fOota  into  the  poreaof  the  ioe  and  through  the  whole  length  of  the  lump.  The 
young  x^ant  uuBt  have  thrown  outaconflidorableqQ&ntitj  of  heat ;  for  though 
the  ice  was.  as  I  havo  said,  otherwise  aolid,  the  pores  through  which  the  roota 
puaed  wore  enlarged  to  perhajn  dcublo  the  diameter  of  the  fiVirua,  hut  atill 
vol  ao  mnob  aa  to  preveat  the  retention  of  water  In  them  hj  capUlaiy  atttw- 
ttott. 
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evolved  in  the  vital  processes  of  vegetntiun,  to  raise  tlie  tlienno- 
motrio  meftn  of  wooded  countries  for  that  senson,  Biid,  of  m^uree, 
for  the  year.  The  determination  of  this  point  is  of  much  greater 
importance  to  vegetable  phyaiology  than  the  question  of  the 
winter  tcmj>craturc  of  trcee,  bet-ause  a  slight  incremeut  of  heat 
in  tlie  trees  of  a  forest  might  eo  affect  the  atmoephere  in  crm- 
tact  with  them  as  to  ninko  pc^sible  Uie  growing  of  many  plants 
in  or  near  tlie  wood  which  could  not  otliem'iAo  be  reared  in 
that  climate. 

The  evaporation  of  the  juiees  of  trees  and  other  plants  is 
doubtlees  their  mo&t  important  thenntujcopic  function,  and  as 
recent  ohservniions  lea*l  Ut  tlie  conclnsitm  that  the  (juanlity  of 
TOoismre  evhaled  hy  vegetables  has  been  hitherto  underrated, 
we  roust  aficribe  to  this  element  a  higher  value  than  has  been 
neually  assigned  to  it  as  a  meteoix>logical  iufluence. 

The  exhalation  and  evaporation  of  the  juices  of  trees,  by 
whatever  process  effei'ted,  take  up  Btra<ispheric  heat  and  pro- 
duce a  proportional  refrigeration.  This  cffcet  is  not  letw  real, 
though  to  common  obfiorvfttiuu  leee  scnsiUe,  in  the  forest  than 
in  Tneadow  or  pa»tnre  land,  and  it  cannot  be  doubted  tliat  the 
Jocid  temperature  is  wmftidcrably  affected  by  it.  Hut  the 
cvnporation  that  cools  the  air  diffuses  through  it,  at  the  eamo 
time,  a  medium  whicli  powerfully  rcsit^ts  the  csca^ie  of  heat 
from  the  earth  by  rndiation.  Visible  vajiors,  fogs  and  clonda, 
it  is  well  known,  prevent  frosts  by  olwtrueting  radiation,  or 
rather  by  reflecting  back  again  tlio  heat  ratliuled  by  the  earth, 
just  OS  any  mcclmnittal  screen  would  do.  On  tltc  other  hand, 
foga  and  clouds  intercejit  the  niys  of  the  sun  also,  and  hinder 
its  heat  fn>m  reaching  the  earth.  Tlie  invisible  va]>orR  given 
ont  by  leaves  impede  the  passage  of  heal  reflected  and  radiated 
by  tlie  earth  and  by  all  terrestrial  objects,  but  oppose  much 
leas  reaiatauce  to  tlie  transmission  of  direct  solar  heat,  and 
indeed  the  beams  of  the  sun  seem  more  scorching  when  received 
tliruugh  clear  air  charged  with  unoondense*!  moisture  tJum 
after  passing  througli  a  dry  atmosphere.  TIence  the  reduetion 
of  tempemture  by  the  evaporation  of  moistnre  from  vegetation, 
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tbottgh  sensible,  is  lose  tlmn  it  would  be  if  water  in  tlie  gaseous 
Btate  wore  as  imjiervioiii^  ti>  Leat  giveu  out  by  tlie  eun  aa  to  that 
emitted  hy  terrestrial  objects. 


Total  Injluence  of  the  Forest  on  Temperature. 

It  lias  not  yet  been  found  practicable  to  mDaenro,  enm  np, 
sod  equate  the  totAl  influence  of  the  finest,  its  procc«ftca  and 
il9  pnxbicti,  dead  and  living,  upon  tcm|>eraturc,  and  inveetiga- 
tort  differ  mm-h  in  their  conclnsiona  on  this  siihjwt  It  seems 
prfibable  that  in  every  paiticnlar  iime  tJie  i^csull  in,  if  not  detor- 
nuDcd,  at  Icaat  so  much  modified  by  local  conditiouB  vrbich  are 
infinitely  varied,  that  no  general  formula  is  applicable  to  the 
quest  ioti. 

Ill  the  report  to  wliii-h  I  rt'fei-red  on  page  183,  Gny-LnsBao 
Bftys:  "  In  my  opinion  we  have  iiut  yet  any  positive  pi-oiif  (hat 
the  forest  has,  in  itself,  any  real  intluence  on  the  climate  of  a 
great  country,  or  of  a  particular  localitj'.  By  closely  examin- 
ing the  effects  of  clearing  off  the  woods,  we  olioutd  perhaps 
find  (hat,  far  fixjin  being  an  evil,  it  is  an  advantage;  but  these 
qneAtions  are  so  cornplifated  when  they  are  examined  in  a 
olimatologicnl  point  of  view,  that  the  Bolntiim  of  them  is  vcrr 
difticult,  not  to  Bay  impossible." 

Becqnorel,  on  tlie  other  hand,  considers  it  certain  that  in 
tmpical  elimatCF  the  destmetion  of  the  forests  is  nccompnnifd 
with  an  elevatitm  of  tlio  moan  temperature,  and  he  tJiinks  it 
highly  prol™liIe  that  it  has  the  same  effect  in  the  temperate 
zones.  The  following  is  the  substance  of  his  remarks  on  this 
subject : 

*•  Forests  act  as  frigorific  Kaiises  in  three  ways  : 

**  1.  They  sheller  the  ground  against  solar  irradiation  and 
ntaintain  a  greater  humidity. 

**S.  They  pr<.»dnce  a  cntaneons  transpiration  by  the  leaves, 

"  3,  Tlir»y  rimltiply,  by  the  oxpnitsion  of  their  branches,  the 
surfaces  which  are  cooled  by  radiarion. 

"These  three  cauiies  acting  with  greater  or  lc«  force,  we 
12 
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must,  in  the  etady  of  the  climatulogj  of  a  00011177,  take  into 
acooimt  the  proportion  between  tlie  area  of  tlio  forests  and  the 
BDrfacc  which  ifi  bored  of  trees  and  covered  with  herbs  and 
graBAca. 

"  We  should  be  inclined  to  lielieve,  dprioH^  according  to  the 
foregoing  considerations,  that  the  cleurtag  of  tlie  Wftods,  by 
raising  tbe  tcin|>eratiire  and  increasing  the  dryness  of  tlie  air, 
ou^t  to  ivaut  on  climate.  There  is  no  doubt  that,  if  the 
vast  desert  of  the  Saliara  were  to  l)ecoine  w<XKied  in  the 
cx)nreo  of  a^fl,  the  ^nds  wuuld  et-ase  to  be  heated  as  ranch  as  at 
the  present  epoch,  when  the  mean  temperature  is  twenty-nine 
degrees  [Centigrade,  ^  85"  Fahr.].  Li  tlmt  ease,  the  ascend- 
ing uurrcnta  of  warm  air  would  ceafc,  or  be  Ices  wann,  and 
voidd  not  eontribnte,  by  descending  in  our  latitudes,  to 
eoftcn  the  climate  of  \Vc8tem  £uru]>e.  Thus  the  clearing  of 
a  great  country  may  react  on  the  climates  of  n^oiis  more  or 
iesB  remote  from  it. 

"■  The  observationa  by  Boussinganlt  leave  no  doabt  on 
this  point.  This  writer  detenniued  the  moan  tomporature  of 
wooded  and  of  cleared  jHniits,  under  the  same  latitude,  and  at 
the  BBmc  elevation  above  the  sea,  iu  localities  comprised  b& 
tween  the  cleveuth  df^reo  of  north  and  the  fifth  de^rree  of 
HHilh  liititude,  that  is  to  say,  in  llio  portion  nf  tlio  tropica  near- 
est to  the  ec]uator,and  where  iwliation  tends  powerfully  during 
the  night  to  lower  the  teui|>crature  under  a  sky  without 
clouda."  * 

The  rcenlt  of  these  uliBcr^-ations,  whieli  has  been  pret^ 
pcnorally  jidnptcd  by  phyeicisti?.  is  that  the  moan  temperature 
of  cleared  land  in  the  tropics.  apiK>ars  to  he  al>i»ut  nm-  degree 
Centigrade,  or  a  little  less  than  two  d^^oes  u£  Kalircnhoit, 
fthu^'e  that  of  the  forest.  On  page  147  of  tlic  volume  JBrt 
cited,  Becqiierel  argues  that,  inasmiiuh  as  the  samo  and  acinic 
limes  ft  greater  difference  is  found  in  favor  of  the  open 
ground,  at  points  within  tlie  tropics  so  elevated  as  to  liave  a 
tL'inpenite  or  even  a  ]><>lur  climate,  we  niiMt  conclude  tliat  the 

*  BBC<tt-EBXL,  Dt*  OlimalM,  uto.,  pp.  139-141. 
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forests  in  Kortbem  America  exert  a  refn'gorating  inflnence 
Gqnally  powerfnl.  But  the  conflitiona  of  the  soil  are  w*  differ- 
ent in  the  two  regions  compared,  that  I  tlimk  we  cannot, 
witli  entire  confidence,  reason  fn'tn  the  one  to  the  other,  and 
it  IB  Tiiiich  to  bo  dctiired  tJiat  ohsc^rvatiims  ItO  made  un  the 
eummer  and  winter  teniperatm-o  of  lioth  the  airand  the  gronnd 
in  the  depths  of  the  North  American  foreeta,  before  it  is  too 
late. 

ICecent  inquiries  have  introduced  a  new  element  into  the 
problem  of  the  influenee  of  the  forest  on  temperatiirej  or 
mdicr  into  the  qnpfitinn  of  tha  thcnnninetrical  effects  of  its 
destruction.  I  refer  to  the  composition  of  tho  soil  in  respect 
to  ite  hyffToecopicity  or  aptitude  to  absorb  humidity,  whether 
in  a  liquid  or  a  ffascous  fomi.  and  to  tho  conducting  power  of 
the  particles  of  whitdi  it  is  crHiijioeod. * 

*  CompoatJan,  texture,  «od  aoloe  of  aoil  ara  importmit  elenienta  to  be  ooa- 
■{dered  in  wtimitine  the  effects  of  the  remoTal  of  the  foEe«t  upon  its  thenao* 
Boopic action.  "Kxpcriesos  hma  proved,"  aaj^  Decquersl,  "  Uwt  when  the  aoil 
ia  btni,  it  bowmcs  tiiom  or  lea*  heatscl  [by  t3ie  ra7t  of  the  tun]  aooordiag  to 
the  nature  and  the  color  nf  the  partiolcR  whioh  oonipofie  It,  anil  ooconlinK  U> 
it*  hauiidity.  and  thati,  in  the  rvfiri|fanktioQ  r^aoJUng  from  nulixtiou,  w« 
muat  take  into  the  funount  Uie  ooQduotiu^  poirar  of  Qutae  particle  aim. 
Otbei  thioga  l)eiii}f  e'lual,  ailloeotu  nsd  calcatreoua  nndji,  oompared  in  equal 
Totiiinra  with  different  ar^illaoeoaR  earthii,  with  oaloareoos  powder  or  diiflt, 
with  hamns.  with  arable  and  with  irarKlea  aorth,  are  tb«  aolla  which  leant 
conduct  heat.  It  is  fat  tliia  rcoaoa  th&t  nandj  (rround,  in  aummer,  maintains 
a  fa%fa  temperature  cvon  durlnff  th«  night.  Wa  ina^  henoe  oonduda  that 
wban  a  b«iu1;  mU  ia  stripped  of  wood,  the  lociU  tetnperataie  will  be  raked, 
After  the  Kindfl  follow  Kiicrv-MRirt'Iy  nr^illac«otu,  arable,  and  garden  groond, 
then  hontnfl,  which  occopic«  tho  lowest  rank. 

"Thn  rctenilvn  power  of  hiimiu  ix  bnt  ludf  on  great  as  that  of  oaloueona 
load.  Wo  will  odd  thut  the  power  of  rctainio^  boat  is  proporlional  to  tha 
dotattj.  It  bu  oIho  a  relation  to  tho  mngnittiilp  of  the  particloA.  It  i»  for 
tUa  nmaoa  that  ground  oorored  with  ailicc^tu  pvbbloa  cools  more  alowlv  thoa 
aQicaooa  nnd,  and  tliat  pebbly  aoUs  luv  bijait  mift^d  to  the  onllimtton  of  the 
vtu,  beeaoM  th«7  adTonoe  the  ripauing  of  tho  grapo  more  rapidly  tJian  chalky 
aad  clayey  eaitha,  wUob  oool  qolckly.  Henoe  we  aee  chat  in  enainintng  tha 
«aloziflo  effect*  of  olaaring  forests,  (t  Is  Important  to  toks  Into  aoooaat  the 
propertlea  of  the  soil  laid  bare." — BKcqtJERKi.,  Da  CUtnaU  et  da  SoU  Mtit^ 
P.  187. 
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The  hygroscopicity  of  humufi  or  vegetable  eanli  is  ranch 
greater  than  ihut  of  any  iiiineriil  soil,  ami  coiisequcDtly  forest 
ground,  wliere  hniiiiid  alw^und!*,  abaorlw  the  moiatupe  of  the 
atmosphere  more  rapidly  and  lu  larger  projiortion  thaii  cominoii 
earth.  The  condensation  of  vapor  by  abRorption  develops 
heat,  and  consequently  elevates  the  touipcratiire  of  tho  soil 
whicli  absorbs  it,  tt^ther  with  that  of  air  in  contact  with  the 
Bnrfac!0.  Von  Balk)  found  the  temperature  of  gandy  gmund 
thus  raised  from  OS"  to  80''  F.,  that  of  soil  rich  in  hnmua  from 
68*  to  86^ 

The  question  of  the  influence  of  the  woods  on  temperature 
does  not,  in  the  present  etaleof  our  knowledge,  admit  of  precise 
solution,  and,  unhappily,  tho  primitive  foi'Cftta  are  disappear- 
ing eo  rapidly  before  tho  axo  of  tho  woodman,  that  we  Khali 
never  bo  able  to  cstintatc  with  accuracy  the  cUmatoI«>gical 
action  of  tlie  natural  wood,  tlioTigli  all  tJic  ]>hysi(-a]  funcliotm  of 
artificial  plantations  will,  doubtloefi,  one  day  be  approximately 
known. 

But  the  value  of  trees  as  a  mechanital  screen  to  the  soil  they 
cover,  and  often  to  ground  far  to  the  leeward  of  them,  is  moat 
abundautly  establlslicd,  and  this  agency  alone  is  important 
enough  to  justify  extensive  plantation  in  all  countries  which 
do  not  enjoy  this  indispensable  protection. 


Infiueiux  of  ForetU  o*  //torffanic  on  t/ie  S^umidity  of  the 
Air  and  tfte  Earth. 

The  most  important  hygroecopic  as  well  as  thcrmoecopic  in- 
finence  of  the  forest  i«,  no  doubt,  that  which  it  exercises  on  the 
faamidity  of  the  air  and  the  earth,  and  this  climatic  action  it 
cxertit  partly  ae  dead,  partly  as  living  matter.  By  its  interposi- 
tion aft  a  curtain  1)etween  the  sky  and  the  ground  it  both  cheeks 
eraporation  f  nmi  the  eartli,  and  mechanically  intercepts  a  certain 
proportion  of  the  dew  and  the  lighter  showers,  which  woiJd 
othonvide  moisten  tho  surface  of  the  soil,  and  restores  tt  to  the 
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atmosphere  by  exhalation ;  *  while  in  heavier  rains,  the  lai^ 
drope  which  fall  iip<^ii  tlie  k-avcs  and  biniirlieu  are  broken  into 
smaller  ones,  and  consequently  strike  the  ground  with  less 
meehanicnl  fort*,  or  are  perhaps  even  dispersed  into  vapor 
vithont  reaching  itf 


*  Uangotti  tuul  obmrvetl  ftnd  described,  in  bia  tunnl  pictanwqae  in^',  Ui« 
nrt«DtM»i  of  iHui'W-iit«r  Ijy  tbe  folistfA  Kod  bftrk  ot  tirca,  but  I  do  not  know 
that  uty  albempu  wure  made  Co  mvaAiira  the  qoauti^  Uiiui  intoruoptwl  bofora 
the  experinieDUof  B«DCiaerel,  communJcated  to  tbe  Aca<lpniy  of  SduticcK  iu 
ISUfl.  These  experimeotn  embraced  tbieo  tenm  of  ubterrutioiu  caoUtmod 
itipeotiTe] J  f or  period*  of  a  rear,  a  rnotich,  and  tn-o  days.  Aooordin?  Co 
Bwiqwerri'a  laeanirMneiit.s,  tlie  qunjitity  fMing  on  bans  oad  on  woodvd  bdiI  ra> 
■peetivel7  WM  as  1  to  0.((7;  1  Co  0,li;  aiid  1  to  0.fl,  or,  in  other  wcitd^,  lis 
fouiid  thai  only  froui  flre-teiilha  to  sixiy-Aovoo  buadrcdtba  of  tbo  precipitation 
mcb«d  the  ffround.  —  C-cmi'/iM  Rendus  ile  t Aeadintie  dea  Setcncea,  ItSfXi. 

It  aeenied,  indaed,  improbablo  that  in  ram-atonoB  whiidi  last  not  boon  but 
whole  day*  In  nisocsKiaii,  bo  lorso  a  proportion  of  tbo  downfall  sbrmtd  oontinno 
lo  b«  intfiroepted  by  foKot  regetation  after  the  Icare*,  the  bark,  aad  tb«  whole 
framework  of  Uia  trees  w«re  fcborooirhly  wet,  but  tbe  QODoloaiooa  of  this 
etDiitcQt  pliyioouit ap|>e«r  to  h&v<t  beiiugftiu.tally  aocei>ic-d  until  the  rei^  careful 
azptrimiuitA  of  Mathicn  at  the  Forv.it-Bohool  of  Xancy  were  made  known.  Tba 
etwtnmtiiTM  ot  Matbi<^u  wero  miulft  in  a  plautatioD  of  decoduQpiui  treea  forty- 
two  years  cdd,  and  were  nontinucd  thcou^b  the  entire  yeata  1868,  1887,  and 
1808.  Thu  roiult  wax  that  the  pnoiintaiiou  in  the  wood  was  to  Uiat  in  aa 
wpm  flado  of  BeTcral  aoma  near  the  forcit  ataUon  as  1I4S  to  1,000,  and  the 
profwrtion  in  each  of  the  three  yeaia  woa  nearly  ideaticaL  Acoonlinij;  to 
Xatbieu,  then,  only  37  thmuiiui^tha  or  •1.7  per  cent  of  the  precii^tatloa  la  ia- 
Ufcepted  by  trftee.— SCRSLL.  lltudf  »<tr  If*  TfrrtnU,  Sd  ed..  il.,  p.  118. 

By  order  of  the  Direction  of  tbe  Foreibi  ot  tbe  Canton  of  Berne,  a  lericH  of 
«xpenaisDU  on  this  aubjeot  was  oomittenc^d  at  the  begiimui][  of  the  year 
1M8.  Daring  the  flnrt  seven  months  of  the  year  ithe  raporta  for  which  alone 
I  bare  Men),  iocladin;;,  of  ooume.  the  ■eaaon  when  the  folia^  is  moat 
akondtuit,  as  wnl]  as  that  when  it  is  thinnest,  the  plnviometera  in  tJie  woods 
rveaivad  only  Aft««a  per  oent  leas  than  those  in  tbe  open  crotLndn  in  tbe 
vidnitT-. — Rlu^B,  in  Ret^ve  dm  Rtvj!  H  FifriU,  of  IDth  January,  IH70. 

t  W«  aw  not,  indeed,  to  suppose  that  the  oondeiuatioQ  of  vapor  and  tbo 
eraporaticm  of  vratur  aru  goinj;  on  in  tbu  samo  stratam  of  air  at  the  mmv  time, 
•r,  in  other  words,  that  rapor  is  cond«nni>d  into  min-4lrnpH,  and  mIn-<lropa 
cTaporated,  nnder  the  same  comlitiouB;  but  rain  formed  in  one  stntom  m^y 
fall  thnmgh  another,  where  rapor  would  not  bn  oondensed.  Two  mtnrateJ 
Mnta  of  diffaroot  toaparatuivs  may  bo  brought  Into  contact  In  tbe  higher 
ngku,  and  diMhaigo  large  nin-dropi,  which,  if  notdirided  by»om«  ob«truo> 
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Tlie  v^^otaltle  mouldy  resulting  from  the  decompoeition  of 
leaves  and  of  wood,  serves  as  a  perpetual  mtUch  to  forost-suil  by 
carpetiutf  the  ground  with  a  i>]'onj^_v  covering  wliiuh  obstructs 
the  eviipfjmtiuii  fruiii  tlie  itiiuurul  eailli  Leluw,*  drinks  tip  the 
rains  aiid  melting  buuws  that  would  otliorwise  flow  rapidly 
over  the  surface  and  pci-haj)fi  bo  cuiiveved  ti>  the  distaiit  eca, 
and  llieii  elowly  (^ves  out,  by  evaporadou,  in  lilt  rat  ion,  aud  per- 
colation, the  muisture  thus  imbibed.  The  roots,  t(X>,  j>enelmte 
far  below  thcsnperlieiul  B<.iil,  eunduct  water  along  their  surface 
to  the  lower  dejitlii;  to  whieh  tlioy  reach,  and  thua  hy  partially 
draitiing  tlio  supenor  strata,  remove  a  certain  quantity  of  moia- 
turo  out  of  the  reach  of  evaporation. 

The  ForeH  a$   Organic 

Theae  are  the  principal  modca  in  wbicli  the  humidity  of  tlio 
atinnephere  is  affcctcil  by  the  forest  i-egarded  as  lifeless  matter. 
Jjet  u«  inquire  how  ita  oi^uie  procc^fics  act  upon  tliis  metcoi-o- 
logioal  element. 

The  commonest  obgervation  shows  that  the  wood  and  bark  of 
living  trees  are  always  more  or  less  pcn-aded  with  watery  and 
Gt-lier  fluids,  one  of  which,  the  sap,  is  \nry  Bbutidiint  in  tn-ea  of 
deciduous  foliage  when  the  buds  begin  to  swell  and  the  leaved 
to  develop  themselves  in  the  spring.  This  tluid  is  drawn  prin- 
cipally, if  not  entirely,  from  tlie  grt'nnd  by  the  absorbent  actiuii 
of  tlie  roots,  for  tJioiigh  Schacht  and  »ome  other  eminent  botan- 
ic^ phy^ioloi^ists  have  maintained  that  water  is  ahdorlied  by  the 
leavce  and  bark  of  trees,  yet  m'«t  axpcrimonts  lead  to  tlie  oon- 

tioa,  vill  n^d)  Uw  p^and^  though  piwuing  thrmtffh  utrftta  whldi  woold  rajior- 
Ue  tlwm  if  Ibejr  mn  la  a  abtto  of  mom  minute  diruioii. 

'  Tha  tmlf  direct  erperinumta  known  to  mo  on  the  6Ta|>oniticm  from  tba 
tHrfaet  of  tiw  fonwt  ftrs  thow  of  AUibica. — SraxLt,  fAndt  tnr  U»  TorrtMt, 
Sded.,  \i.^  p.  00. 

Theiv  axp«rliii«nU  wm«  ovuUaued  from  Shrob  to  December,  indnniT*,  of 
tlia  jrear  ItMW.  It  wns  fonnd  lliai  ilurinf^  ihowi  montha  Ibe  evapontioii  frua 
a  T«ci|d«Bt  pUoed  on  tbo  ground  ta  •  plantAtioo  of  dociduooi  treai  aiK^-two 
yoan  old,  wm  leat  tban  ooo-flfth  of  lluU  ftom  a  teoipent  of  Uka  fona  ud 
&immu&om  plac«d  ia  tit*  open  country. 
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trary  result,  and  it  is  now  ^iiernny  hc\i\  that  no  water  is  taken 
ill  by  the  pores  of  vpgctahlce.  Late  (■b&ervations  by  Caillcret 
in  Fimiice,  however,  tcud  to  tlie  c^UiMielimcul  of  a  ucw  dtnitrine 
cm  this  eultjoet  wliiirh  eoUcs  many  diffittultics  and  will  |ir\jl»»li]y 
be  accepted  by  botanlcvts  a»  definitive.  Cailletct  fiiuU  tb:it 
under  normal  eonditionit,  that  i?,  wlien  the  soil  is  humid  enough 
to  Bupply  sufficient  jnoistiu-o  thrtHij^li  the  r"H'ts,  no  wuicr  ia 
abeorbed  by  the  leaveti,  biid*,  or  bark  af  plant*,  but  when  the 
roots  are  nnable  to  draw  from  the  earth  the  requisite  qiianlil-y 
of  this  fluid,  the  vegetable  pores  in  contaut  with  the  attno^phero 
absorb  it  from  that  eourcc. 

Popular  opinion,  indeed,  supposes  that  all  the  vegetable  fluids, 
during  the  entire  jieriod  of  gnnvth,  are  drawn  from  the  Ixisipm 
of  the  earlh,  and  that  the  wood  and  otiier  pi-oduL-ta  of  the  tj-ee 
are  wiH)lly  formed  fram  matter  held  in  sohitiou  in  tlie  water 
BlwtratTtcd  by  tbc  Tiut\s  from  tlie  ^'rnnnd.  Tlds  is  mi  eri^ir,  for 
the  solid  matter  of  the  tree,  in  a  certain  j>n>pi»rlion  net  inijmr- 
tant  to  our  present  inquiry,  is  reeei\*ed  from  the  atmosphere  in 
a  gaaeous  forin^  ihnmjjh  the  pores  of  tlie  leaves  and  of  the 
young  slioots,  and,  as  we  have  ju»!t  seen,  muistnre  is  sometimes 
BOpplied  to  trees  by  the  atiiKJspherc.  The  amount  of  water 
taken  up  by  the  nuiU,  however,  is  vastly  greiiter  ihan  timt  im- 
bibed tlii*oiigh  tlie  loaves  and  biirk,  e-i^inicinlly  at  the  seuson 
when  the  eap  is  most  abundant,  and  when  the  leaves  are  rot  iu 
embrj'o.  The  quantity  of  water  thus  received  from  the  air  and 
the  earth,  ilia  ftiiigleyear,  even  by  a  wood  of  only  a  hundred  acres, 
is  very  great,  though  experiinents  are  wanting  to  furnish  tlie 
data  fnr  even  an  appi-oximate  estimate  of  its  measure;  for  only 
the  vaguest  conclusions  can  be  drawn  from  the  observationa 
which  have  been  made  on  tlie  iinblbitlou  and  exhalation  of 
water  by  trees  and  other  }>1aiilfl  reared  in  artiliuial  eifuditioiifi 
diverse  from  those  of  the  natural  forest.* 


*  The  experimenta  of  Hnlea  anJ  otben  oa  ths  nbsorpticm  and  exhaUcfon  of 
Teyet«blM  are  of  liijfh  pbjuolo^cal  ioterMt ;  bat  observationa  cm  •imOowen, 
flBbl»c«fl,  baps,  and  single  tnandies  of  iwUatod  lre«B,  gruwiuc  in  artlBoiolIjr 
propwed  ■oils  aoA  under  artlfiuial  conditioa*,  famish  no  inutworUty  •  rIa  for 
aoopatlitg  tlie  qoanli^  of  walor  reooiTed  and  giroa  off  by  tbs  natural  wood. 
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Tlie  vegetable  mould,  resulting  from  the  decomiJOsition  of 
leaves  and  of  wood, getvcs  ae  a  jx^rpotiml  tiialch,  to  forost-^oil  by 
carjietiug  ilio  ground  witii  a  spongy"  covering  which  obstrncW 
the  cvajxfi-ation  from  the  miooral  earth  below,*  drinks  up  tlie 
rains  and  molting  snows  that  wuuld  otherwise  flow  rapidly 
over  the  surface  and  perhaps  be  conveyed  to  the  distant  sea, 
and  tliun  slowly  gives  out,  by  evaporation,  infiltration,  and  jier- 
culatioii,  tlie  moiettnre  thus  imbibed.  Tho  routs,  Xin>,  penetrate 
&r  below  tho  enpei"ficial  Boil,  conduct  water  along  tlieir  surface 
to  the  lower  depths  to  which  they  reach,  and  thud  by  partially 
draining  the  superior  strata,  remove  a  certain  quantity  of  mois- 
ture out  of  tho  reach  of  evaporation. 

Tfu  Forest  as   Organic 

Thefie  are  the  principal  modes  in  whicli  the  humidity  of  the 
atmoBpliere  \a  affected  by  tho  ^rest  i^ganled  as  lifeleM  matter. 
Let  ua  inquire  how  its  orgauic  processes  act  upon  this  meteoro- 
logieul  clomcnt. 

The  commonest  obsen-ation  sIlC^rs  that  tlio  woikI  and  bark  of 
living  tivefl  are  always  more  or  less  pervaded  with  watery  anil 
other  lluids,  one  of  which,  the  aap,  is  very  abundant  in  tives  of 
deciduous  foliage  when  tlic  buds  begin  to  swell  and  tho  leaver 
to  develop  themselves  iu  the  spring.  Tliis  lluid  is  drawn  prin- 
cipally, if  not  entirely,  from  the  ground  hy  the  abetirbonl  ailion 
of  tlie  roots,  for  though  Schatrbt  and  some  other  cmiueut  lM>tau> 
ical  physiolof^ista  have  maintained  iJiat  water  is  al>sorbed  by  the 
leaves  and  bark  of  trecs,yot  m'«t  c.\jicrimcnt«  lead  to  the  con- 

tioEL,  will  rMtdi  lh«  (pnond,  tboo^  pawiDg  tliriH^li  atraU  which  wonlil  Tapor- 
iw  them  U  Uie;  were  Id  a  rttkte  of  more  ntinnw  dirisJon. 

*  Tbo  onlf  direct  experlinenU  kouw-n  to  mv  oa  Um  «r*|>orat[oa  £rom  th« 
mafaee  at  Ifae  foranG  &re  Ihooe  of  HBtlilieii.^Suiuu.1^  £tude  ntr  tm  TomiU*^ 
8d«d..  il.p.  09. 

Those  exputiiUDnU  wen  oontiniied  from  ILusfa  to  l>co(init>cr,  mclurire,  of 
the  year  IS06.  It  ww  foimd  thai  dartos  tho«e  montha  the  craporatioa  from 
■  lediHoat  placed  on  the  ipmaniJ  in  a  fiuattitiaa  of  dvciilaoiu  treoa  sut^-twa 
y«itn  old,  WM  lorn  ihiut  one-Afth  of  that  trou  a  ndpieat  of  lik«  form  and 
dtrnwidow  pUoad  ta  ths  opca  country. 
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tnry  rwiilt,  and  it  is  now  gonerally  held  that  no  water  is  talceii 
ill  bv  the  iwre*  of  vegetabloa.  Lute  tibpcn-ationa  by  Cailletet 
in  France,  however,  toiid  t«  tjic  c&t&bliehiuciit  of  a  new  douLrine 
on  ibw  eulijVrt  whirTi  enlvee  nmuy  diflit;iiUies  and  will  prolijibly 
be  acxMjptod  by  b<»tJinist«  as  dytinitivo.  (^aillctet  iiudrt  tliat 
tinder  uoniial  conditioiLs,  tbnt  it:,  when  the  soil  ii;  humid  enough 
to  BDppIy  sufliL-iciit  MiuiHtiiro  thnui^h  the  nK>ts,  no  water  is 
alieorbcd  by  tlic  leaves,  biuU,  ul-  Imrk  of  plants,  but  wben  the 
roota  are  unable  to  draw  from  the  eartli  the  reqii!:>ite  quantity 
of  thiB  fluid,  the  vegetable  i>ores  in  contact  with  the  atinofphoro 
abeort)  it  from  tliat  Bourco. 

Popular  opiiiiou,  indeed,  tjupposee  that  all  the  vegetable  fluid*, 
duriiiK  the  entire  period  of  growth,  are  drawn  from  the  boBotii 
of  ilie  earth,  and  tliat  the  wtxxl  and  other  pniduutii  of  the  tree 
are  wh{)lly  fonned  fi-ora  matter  held  in  solution  in  tlie  water 
abftracte^l  by  the  wHit*  from  llie  ^rmnul.  This  is  an  error,  for 
the  solid  :uatter  of  the  tree,  in  a  certain  pniiwjrtion  net  impor- 
tant to  our  present  iuqnir}',  i»4  received  fnun  the  atmosphere  in 
a  gaaeouK  fonii,  tliniugh  the  pores  of  tJio  leaver  and  of  the 
young  shoots,  and,  as  wc  have  jiuit  Been,  moisture  ia  ftometimea 
nipplicd  to  trees  by  the  atmosphere.  The  amount  of  water 
talieti  up  by  the  nwUi,  hnwevt^r,  ia  vastly  greater  than  that  ini- 
bibt*d  Ihniugh  the  leaver  and  bark,  especially  at  the  M.-a^ion 
when  the  sap  is  moat  abundant,  and  when  the  leaves  are  yet  in 
embryo.  The  quantity  of  water  thus  received  fntni  the  air  and 
tlie  earth,  in  a  sin^di-year,  oven  by  a  waid  of  only  a  hundred  acrres, 
is  very  great,  though  ex|;erinitnt«  are  wanting  to  furnish  the 
datft  for  even  an  appmxiraate  estimate  of  its  mt?>a.sure;  for  only 
the  vagneet  conclueiona  can  be  drawn  from  the  obaei-vations 
which  have  been  made  on  the  imbibition  and  exhalation  of 
water  by  trees  and  other  ]dants  reared  in  artificial  oonditions 
diverge  from  those  of  the  natural  forest.* 


*  Tlw  expcriTneiiM  of  n«1cx  iu»1  olheia  on  tlie  atwocptfoa  and  exhalation  oC 
TcyolAblcR  ikni  ol  liitfh  pljfMulogioftl  iutvrMt ;  but  obMrvatlous  cm  auuflowen, 
CBbbofTU,  hopa.  Slid  ulngle  tinuiche*  of  isolated  trees,  gtoiriaff  in  anillci&llj 
prcjiared  uoHm  and  uotler  artificial  oouditiooa,  (omlih  no  Iriuttroriby  •  atA  fur 
•ompatiitf  tbo  ijuantitj  of  water  reoeired  and  giTGu  off  hj  the  natural  wood. 
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The  ftap  of  the  maple,  aud  of  other  ti-cea  witli  deeiduoas  leaves 
wliich  grow  lu  the  same  climato,  flows  most  frcolv  in  the  eurl.v 
spring,  and  eepeciallj  in  ulftar  weather,  wht-tj  the  nights  are 
frosty  and  the  days  waitn ;  for  it  ia  then  that  the  mcUiii>; 
mows  supply  the  earth  with  moisture  iu  the  justcst  proportion, 
and  thill  the  ahioi-heut  power  of  the  roots  is  stimulated  to  its 
highi'st  activity. 

Wiicii  the  buds  arc  ready  to  burst,  and  tlic  green  leaves  begin 
to  diow  themselves  beneath  their  scaly  covering,  the  ground 
has  become  drior.thc  absorptiuii  by  tluj  nioU  iidiminUhed,  and 
the  sap,  being  immediately  employed  in  tlie  furm&tion  of  the 
foliage,  can  be  extracted  from  the  stem  in  only  small  quan- 
tities. 

Al^orption  and  Exhalation  hy  Foliage. 

Tlie  leaves  now  comments  the  process  of  absuri>tion,  and  im- 
bibe both  uucoiubiucd  gases  and  an  unascoilained  but  probably 
inoonsidemble  quantity  of  atpieous  vapor  from  tlic  humid  atuius- 
phcre  of  spring  wliieh  bathes  thciii. 

The  organic  action  of  the  tree,  as  thus  far  described,  tends  to 
the  desic<;ation  of  air  and  earth  ;  but  when  we  consider  wluit 
volumes  of  water  are  daily  absorbed  by  a  large  ti-ee,  and  how 
snml)  a  projK>rtiou  of  the  weight  of  this  fluid  (louaists  of  matter 
which,  at  tlie  period  when  the  flow  of  Bap  is  freest,  enters  into  new 
OMObinatione,  and  bcoontes  apart  of  tlie  solid  framework  of  the 
T^^tablo,or  a  component  of  its  deciduous  products^  it  becomes 
c\'ident  that  tlic  superflaous  motstare  must  somehow  bo  earriod 
lim-V  again  almost  as  rapidly  as  it  flows  iiiNi  the  trfr;.  At  the 
very  commencement  of  vegetation  in  spring,  some  of  this  fluid 
certainly  escapes  through  the  buds,  tlie  nascent  foUage,  and  the 
pores  of  the  bark,  and  vegetable  phj.-siok'gy  tells  us  that  tJicre 
is  ■  current  of  sap  towards  the  roots  as  well  as  fi-om  tlictn.*     I 

*  *'  The  ^boimtcd  oitp,  panixig  out  of  th«^  IrftVM,  i*  reodved  into  Um  Uuier 
bark,  •  *  ■  ubA  «  put  of  fr1i«t  dt.u<  iU  wt^  eten  to  tiio  i>aiL>  of  tho 

toots,  fwd  is  bU  aSoa%  diffuMil  liit«r;>li  •  stem,  wbero  it  mccta  wiil  laio- 

gtca  uritfa  Uw  MoemUiig  cnAt  mp  or  nw  raabsEUL     Ko  ihant  is  oo  Mparsto  cir- 
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do  not  know  that  the  exadation  of  wator  iuto  the  earth,  throug;h 
the  bark  or  at  tlio  extremities  of  these  latter  organs,  has  hecn 
proved,  but  the  oOier  knoxvii  inrKlcs  of  carrj-ing  off  tiie  siirphis 
do  iwteocm  adequate  lu  diri[io<!to  of  it  at  tlie  ahtiost  leatte«8 
period  vhen  it  is  meet  abundantly  re<;eivc<l,  and  it  is  itoeaiblo 
that  the  roots  may,  to  eonie  extent,  di-aiu  as  >rel)  as  flixxl  the 
vatcr-courscs  of  their  stem.  Later  in  tlio  soawon  tlie  nx)t» 
ftlieorh  lees,  and  t]io  now  develojied  leaves  oxltale  an  in<>.reased 
qtiantitv  of  moisture  into  the  air.  In  any  event,  all  the  water 
derived  by  the  growing  tree  from  the  atmosphere  and  tlie 
grutnid  is  parted  witli  by  transpiration  or  exudation,  after 
liariiig  Hurrendered  to  thu  jilunt  the  Bmall  projjortion  of  matter 
required  for  vegetable  growth  which  it  held  in  Buhition  or 
snepension.*  The  li3gi-onietrical  equilibrium  is  then  restored, 
60  far  ad  thi^ :  the  tree  yields  np  again  the  moisture  it  had 
drawn  from  tlio  earth  and  the  air,  thougli  it  dues  nut  retina  it 

mthtloa  of  the  two  kinds  of  aap ;  and  oo  onid«  up  esbt*  iwpantoir  in  Any 
]Hut  of  Uie  plant.  Evcd  \n  the  root,  w1ict«  it  eot'en,  tbla  tniaylM  at  onoo 
with  iion)«  elabomted  up  »lre«il;  there."— Grat.  lltne  FlanU  Oraui.  §373. 

*  Wftrd'i  ti^tsliuedoaaMfor  rai«lii7Uidef>i)eci«ll7tor  tmwportlii^plaiiti, 
go  for  to  prove  that  wiiter  only  cdroulAtea  ihniuifti  vt^tAbloi^,  and  in  again 
■ad  agmiD  absorbed  and  trannpircd  \>y  orfiiuii  appropriated  to  tbe*e  fonctlou. 
Seeda,  ifrowing  graiuiea,  sbruUi,  or  tni«ii  planted  in  proper  oaith,  moderately 
mtered  and  ooreied  with  a.  gtaaa  bell  or  close  fnunn  of  glau,  live  for  months, 
and  ereo  yean,  with  only  tbo  oritrtnal  store  of  aU  wid  water.  la  one  of 
Ward's  early  expcrimcnte,  a  spire  of  giaai  and  a  fcm,  which  sprang  up  in  a 
oorked  bott]«  oontaining  a  litUe  moiat  earth  introdaoed  as  a  bed  for  a  ffoatl, 
ffvad  and  flooriahed  for  eighteen  yean  without  a  now  pnpply  of  either  fluid. 
Id  tbene  boxsa  the  plants  grow  till  th«  encloB&d  air  is  exhausted  of  Um  gaieom 
eooititoeotii  of  TOgctiitinn,  and  till  the  wator  haa  yialdod  np  the  aadmilable 
nattsrit  held  in  aoiutioii,  and  dlnolT»d  and  toppUMl  to  th«  toots  tho  aotii- 
nent  contained  in  the  earth  in  which  thcjr  are  planted.  After  this,  they  ooa- 
tinne  for  a  lon^  time  in  a  stftto  of  vt^nuble  «le«p,  bat  if  tn-A  af r  and  water  bt 
fntrodnoi'd  inlo  theoaxes,  or  the  ptantfl  b«  transplantod  Inlooin-n  i^roiind, 
they  rooM)  thenii«]T««  to  renewed  life,  and  grow  vigoroiuly,  without  apjicar- 
in^;  to  havti  MiiTciud  from  tlieir  long  intpriaonment^  The  water  tiauapiml  by 
the  lesrcs  is  |tartiy  abeorlMsi  hj  tlie  enrth  dirouUy  (roin  the  air.  l>artlj  ooa- 
deoMd  on  the  glan,  along  which  it  tricklea  down  to  thu  earth,  enters  rh»  roota 
igaiB,  and  tbos  coatinnally  repcata  tlie  olrouiU  Bee  Aiu  der  A'atur,  31,  D. 
B.537. 
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rach  tu  eftch ;  for  tbo  vapor  carried  off  by  transpinttion  greatly 
exceeds  the  quantity  of  water  absorbed  by  the  foliage  from 
the  atmoephere,  and  the  arooanl,  if  any,  carried  back  to  tho 
ground  by  the  roota. 

Tho  prcwiit  estimates  of  some  eminent  vegetable  phyaiologista 
in  regard  to  the  quantity  of  aqueous  vn]>or  exhaled  by  trees  and 
tftkcn  np  by  tho  atiiuwjifiero  an.'  innch  grcflter  than  those  of 
furmer  hiqnirera.  Direct  aiid  Batisfactory  experiments  on  this 
point  are  wantinfj,  and  it  is  not-  easy  to  imagine  how  they  conld 
bo  iniido  ou  a  suDic-iently  extensive  and  comprehcnEivc  scale. 
Our  eoncliisioiii  innut  therefore  be  drawn  from  obsen-atronB  on 
small  jtlaiitu,  or  sepiLmlo  branche!)  of  tree^,  and  of  c/mrse  are 
gnbject  to  ninch  nneertainty.  Keveillieless,  Schleideu,  arguing 
from  Buch  analogies,  comes  t^>  the  snrpriaing  result,  that  a  wood 
cra]x>rate8  ten  times  an  mnoh  water  a«  it  receives  from  atmos- 
pheric precipitation.*  In  the  Northern  and  Enstcrti  States  of 
the  Union,  tho  mean  precipltiilimi  during  the  period  of  forest 
growth,  that  U  fnnii  the  Kwulliiiy  of  the  buds  in  the  spring;  to 
the  rijieniiij;  of  the  fruit,  the  hardening  of  the  young  shoots^ 
and  tlie  foil  perfection  of  the  other  annual  proilucts  of  the  tree, 
exceeds  on  the  aveni'!;c  twentj'-fuur  inches.  Taking  this  esti- 
mate, the  evaporation  from  the  forest  would  be  equal  to  a  pro- 
cipitution  of  two  huiidnwl  and  forty  inches,  or  very  nearly  one 
hnndttHl  and  fifty  standard  gallons  to  tho  sqnarc  foot  of  sur- 
face. 

The  first  qucstioiis  which  suggest  thenMclvcs  upon  this  state- 
ment are  :  wliat  becomes  of  ihi*  iinmcutMs  quantity  of  water  and 
fiiim  wimt  source  does  the  tree  derive  it  i  We  ore  tt»ld  in  reply 
tliat  it  is  absorbed  from  the  air  by  the  humns  and  mineral  soil  of 
the  wood,  and  supplied  again  to  the  tree  through  its  roots,  by  a 
circulation  analogous  to  that  observed  in  Ward^s  air-tight  easos. 

"  l^r  Aivm  tend  Watd,  ppi  40,  4T,  HoUa.  VtnS,  too,  ezporiinviitiii^  oa 
bmnches  ot  &  living  orIe,  w«i|;be«l  Immetltawlj  nfwr  hflng  ent  fVosi  th«  tree, 
nod  ik|pm  ftfter  an  expoRore  lo  the  air  tct  tbrcv  lubntoi,  and  compatitij;  ths 
vnprrfirial  mcMnre  of  nil  the  lenvM  of  the  tn«,  condndcs  that  an  Mik-tre« 
rvntinrntoy,  during  tJie  M«»aii  of  (p-owtli,  cl|;ht  and  a  bait  times  the  fOcaiL 
ainuuiit  ut  rais-rall  qd  an  area  eqoal  tu  thnt  ^«l«d  b;  tb9  treo. 


SZJIALA.TIOS    or   TAI>OIt   &7   TRKE?. 


1S9 


WheD  we  ret-all  tLe  effect  pn-uluccO,  uu  tlie  wil  evcu  of 
a  thick  wood  hy  a  raiu-fall  of  uuu  inch,  we  finil  it  honl  to  liulicve 
tliat  two  biiiidreid  and  forty  tiniL-a  that  qnwitity,  roL-eived  hy  tlia 
ground  betweeu  earlv  vpriug  and  autuinu,  would  not  keep  it  in 
a  stale  of  pcrpetuiil  i»aturatiuii,  and  speedily  courert  tltu  forest 
into  a  bog. 

No  Buch  power  of  absorption  of  inoiaturo  hy  Uio  earth  from 
the  atuKHpbere,  or  anythini^  approaiihing  it,  liatt  ever  boon 
ahoni)  by  experiment,  and  all  scientific  obeervatiou  coiitradiuta 
tlie  Bupposition.  Schtibler  found  that  in  Bcveuty-two  boiin 
tlioroiiglily  di'ied  humus,  wliich  is  capable  of  taklug  up  twice 
ite  own  w^eight  of  water  in  llie  liqnld  state,  absorbed  from  the 
a£mo6phcre  only  twelve  per  cent  of  its  weight  of  humidity ; 
garde n-eartli  five  and  otic-liftli  per  cent  and  ordinary  cultiva* 
ted  Boil  two  and  one-third  per  cent  Aft«r  seventy-two  houtv, 
and,  in  most  of  his  experiments  with  thirteen  different  earths, 
after  fiirty-cij;ht  hours,  no  further  absorption  took  [daca  Wil- 
belm,  exporimonting  with  air-drieil  field-earth,  exposed  to  air 
in  contact  with  water  and  protecsted  by  a  bell-glass,  found  tliat 
the  abeorptiun  amounted  iu  ecventy-two  hours  to  t^vo  per  cent 
and  a  very  small  fraction,  nearly  the  whole  of  which  wae  taken 
up  in  the  first  forty-eight  bonis.  In  other  experiments  witli 
carefully  heat  dried  field-soil,  the  alisorption  was  five  per  cent 
in  eighty-four  honrs,  and  when  the  water  waa  firat  warmed  to 
■ecure  the  oonipletc  Baturatiou  of  the  air,  air-dried  garden' 
earth  absorbed  five  and  ono-tcnth  per  cent  in  e©venty-two 
hours. 

In  nature,  the  conditions  are  never  ao  &voral)lo  to  the  absorp- 
tion of  vapor  aa  in  tbcso  cxporimenta.  The  ground  is  more 
compact  and  of  conrso  offers  lem  surface  to  the  air,  and,  espe- 
cially in  the  wood,  it  is  already  in  a  state  approaching  ealnration. 
Hence,  both  these  physicists  conclude  that  the  qimtitity  of  lujuo- 
ous  vapor  abeorbed  by  the  eartli  from  the  air  is  so  inconsider- 
able ^that  we  can  ascribe  to  it  nn  important  intlucnce  on  vcge* 
tation."  * 

*  WOJIELU,  D«r  Dodeh  vud  dot  Wantr,  pp.  14,  30. 


100 


EXIIALATIOK  OP  VAPOH   BT  THEEP. 


Besides  thie,  trees  often  grow  liixtiriautlj'  on  narrow  ridges, 
on  steep  declivities, on  partially  docayeJ  stainpe  intiiiy  fevt  nbove 
the  pprtiind,  on  walls  of  high  huildiiig**,  and  on  rockp,  in  eitua- 
tioiiB  where  tlie  earth  within  reanh  of  their  roots  could  ncjt  jvi&ii- 
bly  contain  the  tenth  part  <>f  tlie  water  which,  according  lo 
Sclileiden  and  Pfaif,  they  evaporate  in  a  day.  There  are.  too,  fop- 
estfl  of  great  extent  on  high  hlufTtt  and  wcll-dmnied  taljIe-tamU, 
whore  there  ran  exist,  neither  in  tho  sulistiil  nor  in  infiltration 
from  neighlmring  regions,  an  adequate  sonrco  of  snpply  for 
such  eousuinption.  It  tnmt  bo  remembered,  also,  that  iu  tlie 
wt<c>d  the  leaves  of  the  trees  shade  each  other,  and  only  the 
highoat  stratnni  of  foliage  reccivt's  the  fnll  inthicnce  of  heat 
and  light ;  and  besides,  the  air  in  tho  forest  is  almoBt  stagnant, 
wliile  iu  the  experimeuta  of  Unger,  Marshal,  Vaillant,  Pfaflf 
and  others,  the  branchea  were  freely  expcised  to  light,  sun,  and 
■traoppheriu  cnrrente.  Snch  observations  can  authorize  no  con- 
clnsiims  reejiecting  the  qiiantitattvo  action  of  h^vos  of  forest 
trees  in  nonnal  eonditions. 

Fnrihep,  allowing  two  hundred  days  for  the  period  of  forest 
vital  action,  tho  wood  tnnst,  according  to  Schleidcn'a  jxisition, 
exiiale  a  qnantity  of  moisture  equal  to  an  inch  and  one-fifth  of 
precipitation  per  day?  and  it  ia  luinily  conceivable  tlmt  so  large 
a  volume  of  aqueous  vapor,  in  addition  to  tho  supply  fmni  other 
Boiircos,  could  bo  diffiiMxl  through  the  ambient  AtmoAphere 
without  manifesting  it.*  presence  by  ordinary  hygr<.>nictrical  teets 
much  more  energetically  than  it  lias  been  proved  to  do,  and  in 
^■t^the  fibservations  rerainled  by  Elwnnayerehow  that  though 
the  relafiiv  humidity  of  the  atmosphere  is  considerably  greater 
in  the  cfj«der  temperature  of  the  wood,  its  absolute  huniitllty 
does  not  Knsihly  differ  from  that  of  tiie  air  in  open  gronnd.* 

*  Knr.nuATT'.K,  IHe  PAffokaliae/ita  Eittieirkunfftn  dM  Walitea,  i..  pji.  ISO 
tt  **q^.  tt  nuiy  be  weU  here  to  tpi»rd  ntj^  raadpni  ag«tn«t  the  onmtnna  error 
whi(di  mppoM*  thai  a  buinid  coiiil;tion  of  tli«  air  u  iie«ea«arily  iixliastod  \tj 
Iha  pnaenes  of  tag  or  vjaible  Tspor.  Tbi?  ft!r  in  rendeml  hntntd  by  oootaliiiBf 
iiaU^lt  rapor,  and  it  beoorau  drier  by  the  coodenaotiQU  of  «acb  raimr  iulo 
tog,  emnpoved  of  willd  globnln  or  of  bollow  rrsiolc*  of  vator — for  it  U  a  <U»> 
|nit«d  poiot  vb«thor  tbo  putiotea  of  fog  ai«  aoUd  or  redcnlar.      IIuucc. 
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Tlie  Oailv  Jiecharj^  «if  a  r|minlity  of  aqiieoiia  vapor  correspond- 
ing let  &  rain-fall  of  one  ini:h  and  a  liftli  into  tho  cool  air  of  the 
forest  would  produce  a  poqtetual  shower,  or  a1  least  <]n7^1c,  nii- 
IcH,  iudced,  we  suppose  a  rapidity  of  absorption  and  condensa- 
tion hy  ilie  ground,  apid  of  transmission  througli  tlie  soil  to  the 
roots  and  thnmgli  theni  and  tlio  vessels  of  the  troo  In  the  leaves, 
much  greater  than  has  been  eboi^ii  hy  direct  obaerration.  Not- 
withstanding the  high  aiithoritr  of  Schlciden,  therefore,  it  seems 
irapoesible  to  rcwncile  his  estimates  with  facts  commonly  ob- 
served and  well  estaliUshed  by  wnnpotetit  investigators.  Hence 
the  important  qneatlon  of  tho  supply,  demand,  and  expenditure 
of  water  by  forest  vegetation  must  remain  nndecided,  nntil  it 
can  be  determined  by  something  approaching  to  satisfactory 
direct  experiment.* 


£aianC6  of  ConJluHlng  Ififiii.enc^9  of  Forest  on  Atmosphenc 
Heat  and  Jluti^idUy, 

Wo  liavo  sliowu  that  the  forest,  considered  as  dead  matter, 
tends  to  diminish  the  moisture  of  the  nir,  by  prevontin((  the 
sun's  rays  from  reaching  the  gi-onnd  and  evaporating  the  water 
that  falls  npon  the  surface,  and  also  by  spreading  over  the  cartli 
a  spongy  mantle  which  sucks  np  and  retains  the  hnmidity  it 
receives  from  ibe  atnuisphcro,  while,  at  the  same  time,  this  cov- 
ering act-sin  the  contrary  direction  bv  accumulating,  in  a  reser- 
voir not  wholly  inacecFsiblo  to  vaporizing  infliicm'^s,  the  water 
of  pre^^ipllation  which  n)ight  otbt'r^vifio  suchlenly  pink  deep  into 
the  b<»wcU  of  the  earth,  or  flow  l)y  supeiiicial  chaunols  to  other 
climatic  regions.    We  now  see  that,  aa  a  living  organism,  it 

tbgugh  tbo  unbicot  atiitos|ihorc  duit  h<>ld  ta  nui>«oaion.  la  Uis  Stma  of  fojr, 
vstcr  etumgh  tn  obscura  iU  innspareacT,  uid  to  piodaM  &•  seniuitJoii  n( 
DkOiftaio  on  the  akin,  the  it>,  in  wbioh  th«  finely  diviiled  wnler  HoaU,  niaj 
be  cluup^  with  i^reii  less  tknti  nii  Bvenga  pn>iH>rti(tD  of  htiinidtty. 

•  AtxoidinK  to  Cexanae,  ScBELl,  fXutiti  »vr  U*  T^rrfut*,  •!•  4'dtUnn,  U.,  p. 
lUO,  esnwrimenti  reported  in  tho  Heme  da  Ea*tX  et  Ffrfta  for  Aagnst,  1868, 
Bhowed  the  erftpotatioQ  from  it  lirbg  trM  to  bo  "  atmoMi  inidg&lflottitt."  De- 
taib  are  not  gtveo. 
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teiula,  on  Uic  one  Imnd,  to  ditninuh  tlio  humidity  of  the  air  h^ 
Bumetiiiies  absorbing  moifitiire  from  it,  aud,  ou  the  ottter,  to  iii- 
crease  tlmt  buniidity  b^'  pouring  out  into  tho  atmosphere,  in  a 
T&poroiis  form,  the  water  it  draws  up  thmugh  its  roots  This 
last  operation,  at  the  sauie  time,  lowers  tho  temperature  of  the 
air  in  contact  with  or  proximity  to  the  wood,  by  the  eame  law 
as  in  other  cases  of  the  conversion  of  water  into  vapor. 

As  I  have  repeatedly  said,  we  cannot  moaanro  the  value  of 
any  one  of  tliceo  ek-nteiitft  o£  climatic  dli^tiirbaiice,  raiding  or 
lowering  of  temperature,  inereaee  or  diminution  of  humidity, 
nor  can  we  say  that  m  any  on©  ftcason,  any  one  year,  or  any  cue 
fixed  cycle,  hnwever  long  or  short,  they  bahmce  and  c.imiwii- 
Bate  each  other.  They  arc  ajmetimos,  but  certainly  not  Jilways, 
eontemporaiieons  in  their  action,  whether  their  tendency  is  in 
tho  same  or  in  oppooite  directions,  and,  therefore,  their  influ- 
ence J8  sometimes  cumulative,  sometimes  C(>nflicting;  but,  upon 
tho  whole,  their  gODeral  effect  is  to  mitigate  extremes  of  atiaos- 
pherifi  heat  and  cold,  moieture  and  drouglit.  Thoy  gorve  aa 
equalizers  of  temperature  and  Ituinidity,  and  it  is  highly  prob- 
able that,  in  analf^  witli  most  other  works  and  workings  of 
nature,  they,  at  certMin  or  uncertain  periods,  restore  the  eqnl- 
librinin  which,  wlietlier  m  lifeless  masses  or  as  living  urgan- 
isms,  they  may  have  temporarily  diuturbetl.* 

*  Then  is  ao«  fuA  wfaich  I  luire  ntnrherQ  Mcn  noticed,  tmt  whicti  spcnii  to 
me  to  brnve  «a  importeot  bearing  on  tho  qaeation  wbstbet  foreatx  t«nd  to 
nuuntaio  ui  pqnUitirinm  between  the  Tariooa  catosea  of  hjjfroKiopip  aotioa, 
And  ooDBef|UBotljr  to  kee'i  the  air  within  tb«ir  prttotuot*  in  ua  approxuanlcly 
oonatiuit  oondition,  »o  fur  iw  tibU  niet«orolo^c«]  dement  is  ooocerned.  I 
nfar  to  (h«  •bMiio*  of  fo;  ot  tUVI*  vmpor  in  tblolc  woods  la  full  Ittf,  enm 
vInri  tfa»  air  of  tlw  nof^boiliiB  open  gronada  U  ao  haaTily  dMcgad  vHh  ou* 
dioMd  npor  u  oomplotel?  to  obMni*  lb*  loa.  Tb«  ttmpvnnm  ot  lb*  •»• 
moiplme  in  tliQ  fonsb  is  not  mbJwO  to  ao  nddon  and  okitmo*  TodsUaao  w 
Uut  of  oleated  groood,  bui  ae  tlw  wma  time  It  Is  f«r  from  coBJtnnt,  wid  m 
iaigB  n  aapply  ot  nipor  oa  U  poarad  out  bj*  tli«  tollaga  ot  tho  traea  cwuld  not 
fail  to  bt  »oin«ttme8  coDd«iued  into  fog  bf  Um  aarae  cnoau  u  in  the  oue  of 
tbi  uljaoenl  mcndomi,  whiob  on  often  coverad  with  a  dcooe  niat  whOo  tho 
fono^alr  loioatui  oloar,  wort  ihsre  not  Mne  potent  coanwnu-ting  inflnenca 
•iirojra  In  ootioa.  Tbia  influenoc.  1  belme,  ia  to  be  fooiul  partlj  la  tha 
eqaalintJon  of  the  tctnperatnrc  of  the  fonat^  ond  put^  in  Um  *~'— *■  bo- 
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Wlien,  therefore,  man  destroye  theee  Tiatnral  harmonizers  of 
climatic  discords,  he  sacrifices  an  important  c<>iiservative  power, 
thi-iiigli  it  is  far  fnmi  ccrluiii  that  \w  has  tliereby  affected  the 
mean,  liowever  miu'h  he  iimyliJi%'e  exaggerated  the  extremes  of 
atmoephenc  temperature  and  humidity,  or,  iu  other  words,  may 
have  increased  the  range  and  lengthened  the  scale  of  thei-mo- 
metric  and  liygrometric  varintluii. 


Specitil  Influence  of  Woods  on  Piveipiiation. 

With  the  question  of  tho  action  of  foi-c&ts  npon  tcmjieraturc 
aud  upon  attnottpheric  iiuiiiiillty  m  intimately  i^tmiicctud  liiat 
of  tlieir  indiieiiee  ii^xtn  precipitation,  wlnith  tlicy  umy  affect 
by  increasing  or  diminishing  the  warratii  of  the  air  and  by 
ab^'rhing  or  exhaling  nneumbincd  gas  and  a<]ueons  va|H>r. 
The  for«8t  being  a  natural  arrangement,  the  pnwimiption  h 
that  it  exerctBes  a  vonsen'ative  acttnn,  ur  at  least  a  conipcn- 
Mting  one,  and  uonaequently  that  ita  de^trxiction  mu.st  tend  to 
prodneo  phiviometrical  di?tnrhance8  as  well  as  thermonietrii-ai 
Tui&doDs.  And  this  is  the  opinion  of  perhai>3  the  greatest 
nnniber  of  observers.  Indeed,  it  is  almost  impossible  to  8uj>- 
po«ie  that,  under  certain  erjnditions  of  time  and  platrc,  tlie 
cpianltty  and  the  periods  of  rain  alionld  not  depend,  more  or 
Itaa,  npon  the  prcaenco  or  absence  of  forcsia;  and  witliont  in- 
lJ6ling  that  the  removal  of  tho  forest  has  diminished  the  sum- 
total  of  snow  and  rain,  wc  may  well  admit  that  il  has  lciJj»cned 
tlie  quantity  which  annually  falls  within  pai-titmlar  limita. 
tVarioQa  theoretical  considerarions  make  this  pro})a1)Ie,  the 
[inoBt  obvious  argnmcnt,  perhaps,  being  tliat  drawn  from  tho 
generally  admitted  Fact,  that  the  summer  and  even  the  mean 
temijerature  of  the  forest  is  below  that  of  the  open  comitiy  in 
the  aame  latitude.  If  the  air  in  a  wi«d  is  cooler  than  that 
anrnnd  it,  it  mnst  reduce  the  temperature  of  the  atmnapherlc 
Stratum  immediately  above  it,  and,  of  course,  whenever  a  eatu- 

ttwHen  tb«  faumiditj  oiliolcd  b;  tlu  tn)«e  and  tluit  slworbod  ftiul  ooBdfliued 
tavulbljr  tnr  tht  earth. 
13 
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i-ated  CTu-rent  6weei»  over  it,  it  must  prMuee  precijiitation 
which  wonlil  fall  n|nm  it, or  at  a  gi^eater  or  Icsa  distance  f n-m  it. 
We  must  Lore  take  into  the  at:c<uint  a  vorv  imj-H'rtaut  cuiisiJ- 
eratioiL  It  is  in>t  universally  or  even  generally  true,  that  tlie 
atiiioephere  returns  its  condensed  humidity  to  the  local  source 
from  which  it  receives  it.    The  air  is  constantly  in  motion, 

howling  t«mpoitii  Bconr  ttmsin 

Prom  soa  to  l&sd,  frum  laud  to  sea ;  * 

and,  therefore,  It  is  always  probable  tliat  tlie  cvajwration  drawn 
up  by  ihc  atniosi)hore  from  a  glvuii  river,  t»r  sea,  or  forest,  cir 
meadow,  will  be  disehar^'d  by  jirccipitation,  not  at  or  near  the 
point  where  it  rose,  but  at  a  distance  of  niilea,  leagues,  or  even 
degrees.  The  currents  of  the  nppcr  air  arc  invisible,  and  they 
leave  behind  them  no  landmark  to  rewrd  their  track.  We 
know  not  whence  they  eomo,  or  whither  they  go.  Wc  have  a 
wulain  rapidly  inercasing  aetpuiintjKJee  with  tlic  ]tiv,'»  of  gene- 
ral atinofipheric  motion,  bnt  of  the  origin  and  limilJi,  tlio  begin- 
ning and  end  of  that  molittn,  as  it  manifest^  itaelf  at  any  par^ 
ticular  time  and  place,  we  know  nofhing.  We  cannot  say 
where  or  when  the  vapor,  exhaled  to-day  from  (he  lake  on 
which  wo  float,  will  bo  condensed  and  fall ;  whether  it  will 
waste  itself  on  a  barren  desert,  refresh  upland  pastures,  de- 
scend in  Know  on  Alpine  heights,  or  contribute  to  swell  a 
dii^tant  torrent  which  shall  lay  waste  sqnaro  miles  of  fertile 
corn-land ;  nor  do  we  know  whether  the  rain  which  feeds  oar 
brooklets  is  dno  to  the  transpiration  from  a  neighboring  forest, 
or  to  the  evaporation  from  a  fiir-off  sea.  If,  therefore,  it  were 
proved  tluit  the  annual  quantity  of  rain  and  dow  is  now  as 
great  on  the  plains  of  Castile,  for  example,  as  it  was  when  they 
were  covered  with  the  nati^-e  forest,  it  would  by  no  raeana 
follow  tliat  those  woods  did  not  augment  the  amount  of  precipi* 
tation  elsewhere. 

*lTtid  Stdrmf!  tmnson  nm  dlo  Wotle 
Torn  Ue«r  oufs  Luul.  voiu  hand  nnfa  Mc«r. 

GoKTiiE,  FauMt,  8oag  ef  the  ArehaagiU. 
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The  whole  problem  of  tlie  pluviometrital  influence  of  the 
forest,  general  or  local,  is  so  exceedingly  complex  and  difficult 
tlial  it  cannot,  with  our  present  menus  of  knowledge,  be  de- 
cided upon  a  j>rwrl  gruumli*.  It  must  now  be  r^jarded  aa  a 
qaostlou  of  fact  which  would  probabl}'  admit  of  scientific  ex- 
planation if  it  were  once  estoblished  what  tlie  actual  fact  is. 
Unforrunately,  the  evidence  is  conflicting  in  teudencv,  and 
■ometimeB  equivocal  in  interpretation,  but  I  believe  that  a 
majority  of  tlie  foresters  and  phygicists  who  have  studied  the 
question  are  of  ojiinion  that  in  many,  if  not  in  nil  cbbcs,  the 
destruction  of  the  woods  ha*  been  followed  by  a  diminution  in 
the  annual  quantity  of  rain  and  dew.  Indeed,  it  has  long  been 
a  popularly  settled  belief  that  vegetation  and  the  coudensatioii 
and  fall  of  atmoepherie  moisture  are  rcetpi'ocaUy  neeesfiary  to 
eaclj  other,  and  even  the  poets  sing  of 

Afrio's  barren  sand, 
Where  nought  can  grow,  becawM  It  raln«tb  not, 
Anil  where  no  raiu  con  fnll  to  hleas  the  l&nJ, 
Becansc  DOOglit  grown  there.  * 

Before  going  fnrthcr  \vith  the  discusshm,  however,  it  is  well 

to  remark  that  the  comparative  raritj'  or  frequency  of  ininida- 

in  earlier  or  later  centuries  is  not  necessarily,  in  most 

"OflCT  not  probably,  entitled  to  any  weight  whatever,  as  a  proof 

tti&t  more  or  Icsr  rain  fell  formerly  tlian  now;  beeauKc  tlie  ac- 

cnmnlation  of  water  in  tho  channel  of  a  river  d6|iends  far  less 

,npon  the  quantity  of  precipitation  in  its  valley,  than  upon  the 

^TBpidiiy  ivith  which  it  ia  conducted,  on  or  under  the  surface  of 

the  gromid,  to  the  central  artery  that  drains  tho  basin.     But 

this  point  will  be  more  fully  dieetisried  in  a  Bubeequent  chapter. 

In  writers  on  tlie  subject  we  are  discnesing,  we  find  many 


IJet  goli3«  StriSg  i  Afrflu, 

Dcr  Iiit«t  roxo  kan,  da  ui  dot  rugnu^ 
Off,  0TnTec(]t,  )ngon  Il»gn  kan  faUe,  da 
Dei  Intet  voxer. 

Falcdan-HOllbb,  Aiam  Uovw,  II,  409. 
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iwsitive  Asaertions  alioiit  the  diminution  of  rain  in  countries 
wliiuh  liave  been  stripped  of  wood  ■\vithiu  tUo  historic  period, 
Imt  these  aFscrtiona  vci-y  rarely  rt-at  iipcn  any  other  proof  than 
Ihe  doubtful  rct;olIection  of  unsL-icntiiic  observen?,  and  I  am 
unable  to  refer  to  a  single  instAnce  where  the  reoortlB  of  tlio 
raingftnge,  for  a  mnpirinrable  period  before  and  after  the  fell- 
ing or  planting  of  extensive  woods,  can  be  appealed  to  in  sup- 
port of  either  side  of  the  qncetion.  Theeeicntific  rcputotion 
of  many  writere  who  have  maintained  that  prenipitalion  has 
been  diminished  in  particular  localitioa  by  the  dcatmction  of 
forests,  or  au^ented  by  planting  them,  has  led  the  public  to 
Buppoee  that  their  asserlions  rested  on  sntileient  proof.  We 
cannot  affirm  that  in  none  of  thece  eases  did  such  proof  exist, 
but  T  am  not  awai-e  that  it  has  ever  been  produced.* 

The  cfFcet  of  the  fni-cst  on  prceipitation,  then,  is  by  no  means 
free  from  donbt,  and  we  cannot  p(j«itivi!ly  othi-m  that  the  total 
annual  quaTitity  of  rain  ia  even  h>cally  diminished  or  increased 

•  Among  recent  WT^t«r«,  Cit-vi,  Schaoh*.  Sir  John  P.  W.  Heiwhel,  tlobcn- 
Btftn,  Bartb,  Aflbionuon,  DonBBiagitiilt,  and  others,  mAintoin  that  forefita  leod 
to  prodnoc  rain  and  dearinga  to  dhniniah  ft,  and  ihey  refer  to  nomieroaa 
facta  of  obsnrvataon  in  sappurt  of  thin  doctrine ;  but  in  uons  of  Uibm  docs  it 
appear  that  thase  obaervationa  are  supported  b/  autnal  plnviotnctrtcal  rapaMiMt 
Bo  far  BB  I  kxKnr,  tba  aarliart  tapraaaoo  of  th«  opLoion  that  for«ata  promote 
ptedpitation  Is  that  attrtbntod  to  Christopher  ColomhoB.  In  the  Bi*(tiHa  id 
S.  D.  Fernamh  Cviem!k>,  VenvUn,  l&Tl,  cap.  1%-iil,  wbero  it  ia  said  that  tb« 
Admira]  awribed  the  diul7  Bhowcn  wldeli  fell  in  th*^  Vivit  Indiea  about  vci^ni 
to  "  the  ^eat  forwta  and  trMaof  thoaacoontiit^.*' and  reraark«d  that Hiflaama 
effect  waa  fnrmerlr  produced  ti^  the  aante  came  in  the  Canaij  and  Hadrin 
ialandi  and  in  th«  AiMrea,  bat  that  **  now  thai  tb«  many  wooda  and  tn«  that 
oorand  tbam  have  been  fellad,  there  are  not  produoed  ao  many  cloodii  and 
zatna  aa  before." 

Mr.  IL  BaiziEm,  in  hia  very  learned  and  a1>Ic  oritioal  eBukf,  Ftmand 
0*w*A,  M  Vit  rf  *»  O^rrtt.  Paris.  1873,  tuui  made  it  at  lewt  extremely 
probable  that  tho  JlUiorit  ia  a  Bporioua  work.  The  ooinpilei  coaj  tmre  fo>ad 
tbia  obscrvadon  in  aome  of  the  wriUnga  of  Colanibas  now  lout,  bnt  however 
that  may  be,  the  fact,  which  Uomboldt  mentiaui  in  C^mot  with  bdi^  in- 
feeieet,aUll  remains,  that  the  dootrine  in  i|ai-sCioQ  waa  hold,  if  not  bj  the  groat 
tooorerw  binwalt,  at  least  hj  one  of  hb  preteadud  tuographera,  aa  aadj  ■■ 
the  year  1971. 
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by  the  deetroctioa  of  the  woods,  tliough  both  theorotiCAl  con- 
siderations and  Uio  balmico  uf  testimony  strongly  favor  the 
opinion  tliat  iiioro  raiTi  fall*  in  wofHied  than  in  open  countries. 
One  imfH^rtant  conclusion,  at  least,  Myxm  the  meteorolitg-lcal 
induence  of  foi-ests  ig  certain  and  inidispnted :  the  pmp«ition, 
namely,  that,  witiiin  their  own  limits,  and  near  (heir  orni  bo^ 
dere,  tliey  inniiilaiti  a  mure  uniform  dc^gree  of  hnmidity  in  the 
atmosphere  than  is  observed  in  cleared  grounds.  Scarnely  leas 
can  it  be  questioned  that  they  tend  to  promote  the  fre<nienry 
of  ahowen*,  aiul,  if  they  do  not  augment  the  amdunt  of  precipi- 
Ution,  they  probably  equalize  its  distribution  through  tlio  dif- 
ferent seasons.* 


*  The  HtroDgcst  direct  oTiilcncc  which  I  am  able  to  refer  to  in  ntpport  of  the 

Ian  thftt  t^e  wood*  }>rodn4it  ov*n  a  local  ftn^mimtatiAn  of  precipitation 

I  fnniuthetl  by  tlie  olxuirvntiortf*  uf  Malhirm,  iiab-direotor  of  tlie  Porext-^hool 

at  Nuey.     Hbi  pIuricmetrtcAl  meajiureinenU,  (vniiniied  f^r  three  yuint,  li^llW 

186>4,  ahow  tliat  Oiihii);  Ukat  period  the  niiuunl  mean  of  nuu-fiiU  in  tli«  iwutra 

«f  the  wooded  distrlci  of  Ciuq-Tmnchies,  nt  Bell*  Fontaine  on  the  borders  of 

,  tb«  torMt,  will  At  Aiiiftnce,  Id  nn  op«in  oattivnlftd  tnrritoij  in  the  Kanie  viduity, 

recpeetlwlT  m  the  ntimbcni  1,000,  0.17.  antl  HS3. 

The  allec^  Augmentation  of  roiu-fail  in  Uwkt  ^yp',  in  ootutequence  of 

lat|^  plantAtiou  by  Meheract  AU,  is  very  frc^ncntly  npi>cAlod  to  a>  ■  proof  of 

[tbu  iofltietioe  of  the  foi^vt,  and  thin  cue  hAs  beoome  &  regular  oomutuD-)>lAc« 

■U  diacuaaioDs  of  the  quotition.     It  Is,  however,  djien  to  the  aame  objection 

m  the  allied  inst&noeii  of  the  dimiautioa  of  precipitation  in  ootweqnenoo  of 

Uie  felUiiE  of  the  tonet. 

Thia  KTippoMril  tncreue  In  the  frequency  and  quojitity  of  nEn  In  Eiowet 

rpt  is.  t  Uiink,  nn  error,  or  At  luoet  not  ao  UKtabliahcil  fact.     I  liavo  bvud 

I  dbpnfced  on  the  upot  by  int«llf([cnt  Fmnlcs,  who«e  reridfince  in  that  Qonntij 

before  the  pLkatAtion*  of  Mtifaviaut  All  and  IbnhJm  Pacha,  imd  1  havo 

been  nuared  by  them  thnt  innicorolofpcal  obeeiTationa,  made  at  Alexandria 

IAjouI  the  beginiiiui;  of  this  century,  cliow  on  anniial  fall  of  rain  aa  gnmt  as  h 

at  thia  day.     The  mere  fuct  tJiat  it  did  not  rain  daring  the  French 

occupation  is  not  ooocliudvo.     llttvlcg  czpttriunoed  a  guutle  iihuwur  of  nuarty 

twcnly-four  hoiin'  danttion  In  I'lipcr  Ksypt,  f  itiiiulrcd  of  the  local  goTenwr 

fat  relation  to  t\>o  fi«qu«ucy  of  thiti  pheuomeuon,  and  wiut  tuld  by  htm  that  noi 

a  drop  of  rain  had  fallen  at  that  puint  for  morv  than  two  yearn  previous. 

The  hcMit  in  the  incrcots  of  rain  in  E^pt  resu  aluott  entirely  on  tb« 
obMrvotioua  of  Monha]  Uamotit,  and  iho  nvidouco  ooUeobed  itj  him  in  i^fi. 
Eii  ooadunmu  have  h««n  dlttputod,  U  coc  ooafDt«d,  by  Jomaid  aad  uthen, 
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Total  Climatic  Injliunee  of  the  Forest. 

A^ide  from  the  question  of  locaX  dlstnrbaiicea  and  their 
«>inpeii8ation»,  it  does  not  seem  pitibiiblu  that  Ibe  forests  seusi- 
bly  affect  the  goiicnil  mean  of  atniopheri*:  tempL-ratnrc  of  the 
glohe,  OP  tlio  total  quaiitUy  of  pieciijitatioii,  or  oveu  that  they 
had  thU  intltioiico  wlieu  their  extent  was  vastly  greater  than  at 
present.  Tiie  waters  cover  about  thi-ee-fourthe  of  the  face  of 
tlie  earth,  and  if  wo  deduct  the  frozen  zonctt,  the  peaks  and 
ciX'bU  uf  lofty  niouiitaiiig  and  their  emg^y  sKi^ics,  tho  Suham 
and  other  great  African  and  Asiat-ic  deserts, and  all  such  olhor 
|>ortions  of  tho  soHd  surface  sa  arc  pennancntly  untit  for  the 
growth  of  woodf  we  eliall  find  that  pi-obahly  not  oce-tenth  of 
Ihe  total  superficies  of  our  planet  was  ever,  at  any  one  lime  in 

■ml  ant  probablj  erroDooiu.     See  FoiMAC,  MitiorxiogM^  Gorman  Uanatlaliou, 

It  oertoiaJr  •omelbneB  raina  brukl;  &t  Cairo,  bat  6n^[K>nitiOD  ia  exoeediapljr 
TBpid  in  I^gjttt— «•  anj  one  who  ever  uw  m  Fellah  wouian  waah  a  uai^Jciu  ia 
Ui«  Nile,  uul  Azy  it  b;  lUaLiiig  it  a  fvw  motn«ata  in  the  air,  can  tettilly  ;  and  a 
boap  of  grain,  wet  a  fovr  inclieB  bcluw  tho  surfaon,  vruuld  probaUj  diy  agaia 
without  {qjut*.  At  anjr  rat«.  tho  E^'i>tiAn  CioTcnunent  often  ha«  Taat  qiiiui- 
titiea  of  wboat  stonvl  at  Bonlak  in  nnouven-O  janU  tlirougb  tfan  wiutor,  tbough 
it  mmt  b«  a<linitt«d  that  tb*  tloT«oUi>aM  and  want  of  foiealgbl  in  Ori«ctal 
life,  pablio  and  piivata,  ar«  audi  thai  we  oaauot  infer  tbe  atfelj-  of  ni^  |ira«lica 
followed  in  tbe  Eaat  ni«itt)f  firora  Its  long  conllnuonoc. 

Orain,  bowcrer,  bui^  be  long  kept  in  tli«  open  air  in  olimatea  much  len  dry 
than  tliat  of  Ggjpt,  wtUioiit  Injnry,  except  to  the  ituperficial  l^jreni ;  for  moU- 
tiue  doea  not  penetrate  tu  a  gniot  depth  in  a  heap  of  |[raiu  once  well  dried  and 
kept  weD  aitcd.  ^^'hea  Louia  IX.  wuh  making  hla  pre{Kinitioi»  for  bla  ootn- 
paign  in  tbe  East,  be  bad  latge  quantJti^a  of  wine  and  grain  purvbased  iu  the 
laland  of  Qypma,  and  atored  np  for  two  jean  to  await  bb  aniral.  ''  Whrji 
we  were  come  to  Cypnia,"  »«^  JoinTiUe,  Jlittoire  d«  Sunt  Lotti*.  %%  73,  7S, 
*'  we  found  there  greate  foiaon  of  the  Kj^ngc's  parvrjrance.  .  .  Tbu  wbenta 
and  tlie  baric;  the;  bad  piled  op  fn  gnat^  beapea  In  tbe  fceldea,  and  to  looke 
Tpon,  thejr  wore  hke  mto  tDoantn]rnee;  for  tbe  tnine,  tbe  wbjrohe  badJo 
baatcaa  Tpon  tbs  wbt>ate  now  a  longe  wbjie,  bad  matlo  It  to  aproute  on  the 
toppe,  M>  that  tt  aeemed  as  greeae  graaae.  And  trhuuio  Uwy  werti  iDjnded  to 
omie  it  to  Rgjplv,  thvjr  brake  tlint  Mid  of  gtvuno  herbe.  and  dyd  finiia  ondsr 
tbe  lame  the  wheate  and  the  barley,  as  fr«abe  an  jt  menno  badde  but  now* 
Unabedit." 
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the  prcfeent  geok^iwil  peiiud,  wvcretJ  with  foi-oata.  liesidos 
tliiSf  tlie  clUtributiun  uf  forest  laiul,  of  desert,  and  of  u-ator,  ia 
eiicli  as  tn  reduce  the  posslhle  influence  of  the  woods  to  a  low 
expresaivn ;  for  the  forestB  are,  in  lurjie  proix>rtiun,  situated  in 
txjld  ur  temperatu  cliniatcj*,  uiit-re  lliu  wtiuu  of  the  Bun  is  w>iii- 
parativuly  feeble  both  in  ole%attng  temjMiiiiture  and  in  promoting 
cvap^-tmtion  ;  while,  in  tlie  (orrid  zone,  the  desert  and  the  sea — the 
latter  of  which  always  presents  an  evapurable  surface — cnormons- 
ly  preponderate.  Jt  is,  aipon  the  wiiole,  not  probable  that  so  small 
an  extent  of  farcBt,  so  situated,  could  produce  a  eensiblo  intlu- 
enco  on  the  ^enenjJ,  climate  of  the  globe,  thonj;h  it  might  appi-e- 
eiabiy  affect  the  lofxd  action  of  nil  clinmtic  elements.  The 
total  annual  auionnt  of  solar  heat  ab&orl>ed  and  radiated  by  the 
eartli,  and  the  sum  of  terrestrial  evaporation  and  atniwphcric 
jirccipitation,  innst  be  supptmed  uonstaut;  but  the  distriinitiou 
c»f  heat  and  of  hiiinidity  is  exjKised  to  dietuHvmK-*  in  liot}i  time 
and  place  by  a  multitude  of  local  caused,  among  which  the 
prawiico  or  absence  of  the  forest  is  doubtless  oue. 

80  far  as  we  are  able  to  sura  up  the  i-e^nlts,  it  wonld  ajipear 
tliat,  in  countries  in  tbo  tenii>orato  zone  Btill  chiefly  coveix-U 
with  wiiod,  the  6uajinei-R  would  be  cooler,  ntoister,  shorter,  the 
wiutent  milder,  drier,  longer.  tJian  in  l!io  same  rejj;ione  after  tho 
removal  of  the  forest,  and  that  tho  couden^ation  and  prccipita* 
tion  of  atnio^pheric  moisture  wonld  bo,  if  not  greater  in  total 
quantity,  nioi-o  frequent  and  \c^  viulont  in  discharge.  The 
slender  hi«iori<-al  evidence  we  poesoM  seems  to  jmint  to  the  same 
conelnsioi).  though  there  is  some  conflict  of  testimony  and  of 
opinion  011  this  pniit. 

Among  the  nuiny  caoscs  which,  b»  we  have  seen,  tend  to 
influence  the  general  retiult,  the  mechanicul  action  of  the  forest; 
if  not  more  iuijiortant,  is  certainly  more  obvious  and  direct  than 
the  immediate  efTccts  of  its  oi^mie  pi-oce^es.  The  felUng  of 
tho  woods  involves  the  sacrifice  of  a  valuable  protection  against 
thovtulcnce  of  cbilHng  winds  and  the  loss  of  theshelterafforded 
to  the  gromul  by  the  thick  coating  of  leaves  which  the  foi-est 
thcda  \\\^y\\  it  and  by  the  snow  which  the  woods  prevent  from 


200 


CTFLITEKCE   OF   PEECIPITATIOX. — OKXERAL   EESITLTS. 


blowing  away,  or  from  melting  in  Uio  brief  thaws  of  winter.  I 
have  already  remarked  that  bare  gronnd  freezes  much  deeper 
than  that  wliich  is  covered  by  be<ls  of  leaves,  aiid  n-hcii  the 
earth  i»  thickly  coated  with  suow,  the  wtrata  fruzi-ii  before  it 
fell  begin  to  thnw.  It  is  nut  uncommon  to  find  the  ground  in 
the  woods,  wherti  tlio  finnw  lies  two  or  three  feet  deep,  entirely 
free  from  frngt,  when  tlio  atmospheric  teini>eratnre  haa  been 
for  soTcral  weeks  below  the  freezanff-point,  and  for  some  days 
even  below  the  zero  of  Falirenbcit.  When  the  gronnd  is 
cleared  and  bruiight  under  cultivationj  the  leaves  are  ploughed 
into  the  soil  and  doconipwed,  and  llie  snow,  eepooially  upon 
kuolls  and  ominonccjt,  in  blown  off,  or  perhaps  half  thawed, 
several  times  during  the  winter.  The  water  from  the  melting 
snow  runs  into  Ulo  depressions,  and  wlien,  after  a  day  or  two 
of  warm  suniihine  or  tepid  i-uin,  the  cold  returns,  it  is  consoli- 
dated to  ice,  and  the  bared  lidges  and  gwelle  of  earth  are  de<!ply 
frozen.*  It  nKjuires  many  days  of  mild  weather  to  raise  the 
tcmporattiro  of  ftoil  in  thi8  condition,  and  of  the  air  in  contact 
willi  it,  to  that  of  the  earth  in  the  forests  of  the  siuim  cliinatio 
region.  Flora  is  already  plaiting  her  sylvan  wreatli  before  the 
eorn-tlowera  which  are  to  deck  the  garland  of  Ceres  have  waked 
from  their  winter's  sleep;  and  it  is  probably  not  a  |M>pular 
error  to  believe  that,  where  man  has  substitnted  his  artificial 
ci-0|*s  for  the  sponlauciius  harvest  of  nature,  spring  delays  her 
(Himing.t 

'  I  have  »eeo,  Id  Noitheni  New  Engliuid,  tbe  imifw«  of  the  ot>ea  groaod 
Itonm  to  U»  dopth  of  twantj-two  inulica,  iu  the  luoulb  vt  Novoral>er,  when  in 
Hm  fonat-cftitb  no  fro»t  wu  tUKOvcrnlilc ;  uxA  I&tor  in  tbs  winter,  I  have 
Icnomi  an  exiNiaed  aaud-kaoU  to  ramiuii  fnuen  tiz  feet  deep,  after  tb«  (jrouad 
is  the  woods  WW  complvtelj  thitwctL 

f  Tb«  ooooiiuioa  arzired  Hi  bf  Xonh  WeUcer,  in  hia  roiy  learned  and  lUs 
papor  m  ths  rappond  cban;:e  iu  tiie  lemparatOK  of  winter,  mad  l>cfaro  tho 
OotknflOtJcnt  A(Mdem7  of  Art*  and  Sdfitow  in  1799.  wmu  follows:  "  I'rom  a 
tmrttai  oompwriwia  of  Uum  faoU,  it  Rppwuv  that  tho  wcath«r,  ta  modcni  win- 
ten,  in  tJi«  Uoilvd  States,  l»  more  inooiucwt  than  when  the  e&nfa  wm  corend 
with  woods,  mt  tho  fint  eetUamcnt  of  EuioiWAua  in  the  DOoalr; ;  tliut  Iho 
w&mi  weather  of  antiima  extend*  further  Into  the  winter  raoatln,  ami  the 
oo)d  WMOher  of  winter  and  ipiiite  oseroaebeM  upon  th«  nunut«E ;  that,  tJi« 
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There  are,  in  Uie  conBtitutign  and  action  of  the  forest,  many 
forces,  organic  and  inorganic,  wliich  unqncstionnljly  tend  pow- 
erfully to  prodnce  raeteorolngical  effect*,  and  it  tn»y,  tberoforc, 
be  assumed  aa  c«rtAin  that  they  inuAt  aiid  do  pnjduce  sudi 
effecto,  unlaa  tbey  compereate  and  balance  eacli  othor,  and 
herein  liea  the  difficulty  of  solving  the  question.  To  eome  of 
theee  cicincnis  late  obfter\'atiou8  give  a  new  iinix>rtauce.  For 
exainplo,  the  exlialation  of  aqueous  vapor  by  planU  ia  now  be- 
lieved to  l>ednu(^  gi-Cftter,  aud  tlie  ab*:irption  of  miuoous  vinxir 
by  thotu  much  leas,  thau  was  formerly  Bupposed,  aud  Tyudaira 
Tiews  on  the  relations  of  vapor  to  atmospheric  heat  give  im- 
mense value  to  this  factor  in  the  problenu  In  like  uiaiincr  the 
low  tcniiJcrature  of  the  surface  of  snow  and  llie  comparatively 
high  temperature  of  ita  lower  strata,  and  its  consequent  action 
on  the  soil  beneath,  and  tlie  great  condcn^tion  of  moisture  by 
snow,  arc  facta  which  seem  to  show  that  the  forest,  by  protect- 
ing great  surfaces  of  snow  fivm  melting,  must  inevitably  exer- 
cise a  great  climatic  iuffuuncc.  If  to  these  influences  we  add 
the  meclianical  action  of  the  woods  in  obfttrneting  currents  of 
wind,  aiuJ  dhninialnng  the  evajK>ration  and  refrigeration  which 
such  currents  produce,  we  have  an  accumulation  of  forces 
which  vitul  manifest  great  climatic  effects,  unless — which  is 
not  pmved  and  cantiot  be  prtsiumeil — llit-y  neutralize  each 
other.  These  are  |KjintR  hitherto  little  considered  in  the  discus- 
sion, and  it  seems  difficult  to  deny  that  as  a  question  of  ar^U' 
meni,  the  probabilities  are  etrougty  in  favor  of  the  meteorologi- 
cal influence  of  the  woods.  Tlie  eridtnce^  indeetl,  is  not  satia- 
factory,  or,  to  Bjwsak  more  accurately,  it  is  non-existent,  for  tliere 
really  is  next  to  uo  trustworthy  pr(«if  on  tlio  subject,  but  it 
appears  to  me  a  case  where  the  burden  of  proof  must  be  taken 

wind  bshij;  mom  raruhle.  bhow  {■  Ichs  iimnaneat,  nxtA  periupa  the  nma 
renuk  mAjr  bo  ftpplic*ble  to  the  joe  of  tlie  riren.  TtraM  effecU  «Mui  to 
Kvult  iieoosnriljr  trom  the  greater  qtunti^  of  brat  accnuinlaled  tn  the  earth 
in  samincr  niucj  tli«  groond  bae  b««a  <de«r«d  of  wood  aad  expoaod  to  tl>«  nj* 
of  the  nm,  fttid  to  llie  grrator  dopth  of  front  in  the  mrth  In  winter  t>y  the 
exposare  o!  its  uncoruvd  Burfuce  to  the  colJ  atmoii-huxo. " — CtjOt-'tum  nf 
Pajkn  irji  5<:  An  WKBaTui,  p.  102, 
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by  those  who  maintain  that,  m  a  mctoorolngical  agent,  the 
forest  i«  inert. 

The  qnej-tiou  of  a  change  in  the  clijnato  of  the  Northern 
Auiertcan  Stales  ts  exaitiined  in  the  able  Meteoroli-><;ieal  KojKH't 
of  Mr.  Drajjor,  Director  of  the  New  York  Central  Park  Obser- 
vatory, for  1S71.  The  result  arrived  at  bv  Mr.  Draper  Is,  that 
there  is  no  satisfactory  evidence  uf  a  diminution  in  the  rain- 
fall, or  of  any  other  climatic  change  in  the  winter  seaeon,  in 
coiu>e<jtience  of  clearing  of  the  forests  or  other  hnnian  action* 
The  [tnrxif  from  meteorological  n^istera  is  tiertaiiily  ineiifiivient 
to  establish  the  fact  of  a  change  of  climate,  but,  oa  the  other 
hand,  it  is  equally  insufficient  to  establish  the  contrary.  Mete- 
orological stations  arc  too  few,  their  obscrvationa,  in  many  casce, 
extend  over  a  very  short  period,  and,  for  reaaons  I  liave  already 
given,  the  great  majority  of  their  records  are  entitled  to  littlo 
or  no  confidence.* 

*  Sltwe  tbeee  pages  veto  writtan,  the  mibfecfc  of  forest  meteoralogy  luui 
TeoeiT«d  tha  tsoat  importaat  contributioa  «v«r  mbde  to  it,  in  WTeral  acriui  ot 
oteeiTStfanu  *t  axuntmoM  statiotu  in  B&r&ri&,  from  tlie  ]r<«r  1808  to  1471, 
pablubMl  b^  Ebamsajw,  At  Ascluilleiibui:^,  in  l^^r;^  iiad«r  Ui«  titla :  JJit 
Phj/tUcidiarJun  Kinttlriaaiffen  4k»  W'iMm  tmf  I.vft  uttd  BadoH.,  nnd  mum  Wi- 
maXahgideht  untt  ff^ffienucJie  Itedeatung.  I.  Baod.  Bo  faraa  olMcrTblioiui  ot 
etitj  fire  yeua?  damtioa  otn  prove  <uijthing,  tli«  followiti^  pTPpontiniu,  not 
to  *pMik  of  maiiT  colUt«r«l  uul  aabwiduuT-  oooclusioDM,  Be«m  to  b«  eatabUabod, 
at  least  for  thn  looaUtica  where  the  ohaenratkina  weie  mode : 

I.  The  ytariy  mean  temperature  of  woodwl  miiU,  at  all  depths,  u  lower  than 
that  of  open  prouuda,  p.  :i.V 

Thui  ooaclunfoii.  It  m»y  be  T«inaik«d,  la  of  doubtful  app>li«abilit]r  in  ngjkam 
of  eioeesire  climate  like  Uie  Northern  United  States  and  Canu'lft,  where  tho 
■DOW  luepa  tb«  tempoiature  of  the  aoU  in  the  fonat  abore  the  beetiag-pouits 
for  a  laiye  part  and  aometitaca  the  whole  of  the  winter,  whlla  In  unwooded 
ground  the  earth  remaina  de^plj-  tmum. 

3.  The  jraarly  mean  atmMp/urie  tempenturo,  other  tbioga  being  equal,  ia 
lower  in  the  forest  than  in  cleared  groonda,  p.  84. 

8.  CUmatca  beoome  oxceniTo  in  coowqueaoo  of  oxtetudre  dcarlnga,  p.  117. 

4.  The  abtotuft  hnmiditj  of  the  air  in  the  forest  fai  about  the  aajne  as  in 
Ofvn  gnmad,  while  the  rttatitt  bumlditr  ia  greater  la  the  fonaer  than  in  Uw 
latter  oaae,  on  acooant  of  the  lower  temperatoie  of  the  atmoqihare  in  the 
wood,  p.  160. 

5.  The  eraporatioa  bom  an  exposed  Horfkce  of  water  in  the  forest  is  siatj; ■ 
fooi  per  c«Dt.  IcM  than  in  nawoodod  grontids,  pp.  150,  IQt. 
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It\fiuence  of  the  Forest  on  the  Humidity  of  the  SoiL 

t  hft^'o  hitliorto  confiiied  iri^sclf  to  tlic  itiflueacu  of  the  forest 
on  inetcorologi«.:al  conLlItions,  a  suhjecl,  m  has  boon  seen,  full  of 
difliciilty  and  iiueoi-taiiity.  Ite  comparative  effects  on  the  tein- 
peratnre,  the  himiitlitj,-,  the  texture  aiiJ  cuiiaialeuce,  the  eon- 
li^iirBliim  ami  dUtribiitiun  of  tlie  mould  or  arable  soil,  and,  very 
often,  of  the  niincml  strata  below,  and  oh  the  pennaTicnce  and 
regulaiity  of  springs  and  ;*reater  su|ietticial  water-c-ourscs,  are 
niHfU  less  disimlable  aa  well  as  more  eaaily  estimated  and  more 
iiii)Ktrtant,  than  \U  pot:-siblo  value  as  a  cause  of  strictly  climatic 
eqiiilibriinn  or  disturbance. 

ITio  ftutiiin  of  the  forest  on  the  earth  i&  dilefly  ineulianicnl, 
hut  the  organic  process  of  absorption  of  inoiBtaro  by  ita  roots 
affects  the  quantity  of  water  contained  in  the  vegetable  mould 
and  in  the  mineral  strata  near  tlic  surface,  and,  consequently, 
the  consistency  of  the  solL  In  ti*eatiujf  of  the  effects  of  trees 
on  the  nioiijture  of  the  alinosphiiro,  I  liavc  said  that  thu  forest, 
by  interp<»ing  a  canopy  between  tlie  sky  and  the  g^njund,  and 
by  covering  the  surface  with  a  thick  mantle  of  fallen  leaves,  at 
once  objitructed  insnlatiou  and  pi-cvciitcd  tlic  radiation  of  lieat 
from  tlie  earth.  These  influences  go  far  to  balance  cJich  other ; 
but  familiar  observation  shows  that,  in  eimuiier,  the  foR-s-t -s*!!! 
ia  not  raised  to  so  high  a  temperature  as  oj^n  grounds  cx[io«ed 
to  irradiation.  For  this  reason,  and  in  consequence  of  the  me- 
chanical resistance  opposed  by  tlto  bed  of  dead  leaves  to  tlio 
escape  of  moisture,  we  should  txpeot  that,  except  after  recent 
rain*,  the  Buperlicial  strata  of  w<KM!land-ft"til  woidd  bo  more 

5.  Abuut  twenty-six  [lorcriit.  of  the  prccipitaUon  in  intercepted  ftcl  jire- 
¥mted  £toid  ntacluDg  thti  £ruaiul  b}*  Uio  foliAga  odiI  bnuiohcfl  uf  furat  tivvs, 
^  KM. 

7.  Id  th«  istcrioT  o{  thick  woods,  the  erAporatioQ  from  watei  and  front 
earth  is  ranch  Iimw  bVinn  th«  precipitutlnn,  p.  SIO. 

8.  Ttw  lou  of  tlio  wnt«r  of  pT«cipitatioa  int^tccptMl  by  the  traw  hi  tha 
forent  b  cnrnpeuntod  b^  the  drnaller  cTiiptintian  from  tlia  ifroand,  p.  SIS. 

0.  In  eleraced  ngiona  nod  during  ihfl  mumer  hikU  of  tho  jrcftr,  woods  twd 
to  iDcrc-juG  the  preoJpitalum,  p.  SOS, 
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Imniid  than  that  of  cleared  land.  This  agrees  with  experience. 
The  soil  of  tlie  natural  forest  is  alwavH  moist,  except  in  the  ex- 
treinest  dnnight*,  and  it  is  exceedingly  rare  that  a  |iriiriitiva 
wood  suffers  frv»m  want  of  humidity.  How  far  this  aceumula- 
tiou  of  water  affects  the  condition  of  neighboring  groiuids  by 
lateral  iiifiltratiuii,  we  do  nut  know,  but  we  sliall  sey,  m  a 
suWqiient  chaiitor,  that  water  is  conveyed  to  great  distaiiiL'e:s 
hy  tliis  proeese,  and  wo  may  beuco  mfor  tliat  the  influence  in 
quc-stiun  is  an  imjwrtant  one. 

It  ia  undoubtedly  true  that  loose  soila,  stripped  of  vegetation 
and  broken  up  by  the  plough  or  other  proceaaca  of  cultivation, 
may,  until  aj^in  caqH-tud  \>y  griisst*  or  otlier  plants,  absorb 
more  rain  and  Buow-water  tlian  when  they  were  covered  by  a 
natural  grou-tb  ;  but  it  is  also  true  tliat  the  evaporation  from 
BUi;h  s<jiia  is  augmented  in  a  still  greater  proportion.  Rain 
scarcely  pcnetratea  beneath  the  sod  of  grass-ground,  but  runs 
itff  over  tlie  surface ;  and  after  the  heaviest  showers  a  plouglied 
field  will  often  be  dried  Ity  evajHjjratifin  before  the  water  i*an 
bo  carried  off  by  infiltratiun,  while  tlie  soil  of  a  neighboring 
grove  will  remain  half  saturated  for  weeks  together.  Sandy 
soils  fre<jucntly  rest  on  a  tenacioua  subsoil,  at  a  moderate  depth, 
as  is  UBUully  seen  in  the  pine  plains  of  tlie  United  States,  where 
pools  of  rain-water  collect  in  slight  depressions  on  the  surface 
of  earth  the  upper  stratum  of  which  is  as  portms  a»  a  sjMingc 
In  the  open  grounds  such  pools  are  very  soon  dried  up  by  the 
ami  and  wind ;  in  the  wcwxls  tliey  peraaiii  uneraporated  long 
enough  for  the  water  to  diffuiwitiielf  laterally  until  it  linds,  m 
the  subsoil,  crevices  through  which  it  may  escape,  or  slopes 
which  it  may  follow  to  their  outorop  or  descend  along  them  to 
lower  strata. 

Drainage  hy  Hoots  of  Treea. 

Becqnerel  notices  a  speinal  function  of  tlie  forest  to  which  I 
have  already  alluded,  but  to  which  sufficient  iniportjince  has 
not,  nniil  very  recently,  been  generally  ascribed.     I  refer  to  Uie 
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mechanicjU  action  of  tlie  roota  ob  conductors  of  die  snperflmMia 
humidity  of  the  snpcrficial  oarch  to  lower  Btrata.  The  njtita  of 
trees  ufton  penetrate  throngh  atihfloil  almost  impervion*  t«^ 
water,  and  in  anc-h  cases  tlio  moisture,  which  woii'.d  otlicrwiso 
rciuain  above  the  subsoil  and  convert  the  surface-earth  into  a 
bujf,  fulloivfl  the  rools  dowiiwarfls  and  est-ai^s  intu  irmre  ponms 
strata  or  is  received  by  siibterranean  canals  or  reservoir.* 
Wlien  t}ie  forest  is  felled,  the  roots  periah  and  decay,  the  oi-ifioea 
oponc<I  by  thcni  are  soon  (>bstnicte4l,  and  the  water,  after  having 
Batnrated  the  vegetable  earth,  etagnates  on  tlie  surface  and 
tranfiifonns  it  into  jionds  and  ninratses.  ThtiB  in  La  Brenne,  a 
tract  of  200,000  acroa  resting  on  an  impermeable  substiil  of 
argillaceoufl  caith,  which  ten  centuries  ago  was  covei-ed  with 
forests  intCRpersed  with  fertile  and  salubrions  meadows  and 
pastures,  has  been  converted,  by  the  destruction  of  tlic  woods, 
into  a  vast  expanse  of  pestilential  pools  and  marshes.  In 
Sttlf^e  the  same  cause  has  withdrawn  from  cultivation  and 
human  inhabitation  nnt  less  than  1,100,000  acres  of  ground 
once  well  wooded,  well  drained,  and  productive. 

It  is  an  important  observation  that  the  desiccating  action  of 
trees,  by  way  of  drainage  or  external  conduction  by  the  r<x»ts, 
18  greater  Jn  the  artiliciol  than  in  the  natural  w<xid,  and  licnco 
that  the  surfiice  of  the  gnmnd  in  the  former  is  not  clianicferir.ed 
by  that  approach  to  a  state  nf  saturation  which  it  so  generally 
manifests  in  the  latter.  In  the  spontaneous  wood,  the  leaves, 
fmit«,  bark,  branches,  and  dead  trunks,  by  their  decayed 
material  and  by  the  convcreion  of  rock  into  loose  earth  throngh 
the  solvent  power  of  the  gaeee  Ihey  develop  in  decomposition, 
cover  the  gi-ound  with  an  easily  penetrable  stratum  of  mixed 
vegetable  and  mineral    matter    extremely  favorable  to  thu 


•  "The  root*  of  rejetaH**,"  b^w  d'H^riooort,  "perform  tlie  o9!«  of 
dniuiiig  in  n  innnncr  onnlagunii  L»  that  arLifiauil^  |)racliaed  in  puts  of  IIol- 
toDd  mmI  thti  Britliih  l»l>tid«.  Thu  method  consifitB  in  driviiig  deei>ljr  down 
Into  tti«  mil  Mvenl  ImivdrMl  >ttake«  to  tbe  acre ;  th«  Wfttcz  filion  dowD  along 
the  tttaken,  and  in  same  ou&ti  lut  fuTorable  resnlta  faavo  bc<:n  obtainad  by  tliil 
aesn>  w  b;  huriwidAl  ^rtioM." —Annate*  /br««fdr«r,  1637,  p.  SiSL 
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grontli  of  trees,  and  at  Ihc  same  time  too  retcutivc  of  muisture 
to  |>art  with  it  reiulily  to  the  cajiilUiry  attractiun  of  thu  nxjt*. 
The  ti-cfei,  finding  abuudniit  niitriinent  near  the  sm-face,  and  eo 
sheltered  again&t  the  octiouof  the  wind  by  each  other  as  not 
to  need  the  support  of  deep  aiid  finnlv  fixed  stays,  send  tlieir 
roots  but  a  moderate  distance  downwards,  and  indeed  often 
spread  ihcni  nnt  like  a  horizontal  network  aUuost  on  the  giirface 
of  the  grcfnnd.  In  ihe  artificial  wood,  on  the  contrary,  the 
gpacee  botwoon  tlie  trees  are  greater ;  ilicy  are  ohli;^ed  to  ecnd 
tiieir  roots  deeper  both  for  mechanical  support  and  iu  eeardi 
of  nutriment,  and  they  consequently  serve  much  mui-e  effectually 
as  cr>nduil8fur  ]icrpeTidicu1ai'  di-aitiage. 

It  is  only  under  special  circamstanccfi,  however,  titat  tliia 
fnni-iion  of  the  forest  is  so  essential  a  conscrrativc  agent  as  in 
the  two  crises  just  cited.  In  a  chaiupai^i  rci^ion  inantticTiently 
pn>vide<i  with  natural  clianneU  for  the  dlachargc  of  the  waters, 
and  witli  a  subsoil  which,  though  [jcncti-ahle  by  the  roots  of 
treei^,  is  otlierwiso  impervious  to  water,  it  is  of  cardinal  im- 
poi-txuicc;  but  though  trees  everywhere  tend  to  cairy  off  the 
moisture  of  the  BUi»erficial  strata  by  this  mode  of  conduction, 
yot  the  precise  condition  of  soil  which  I  have  described  is  not 
of  Bufflciently  f  reqncnl  <x-'eurrL*iice  to  have  drawn  much  attention 
to  (Jus  ofHco  of  the  wood.  In  fact,  iu  most  soWr,  there  are  coun- 
teracting intluenees  which  neutralize,  more  or  less  effectnally, 
the  desiccatire  action  u£  roots,  and  in  general  it  is  as  true  us 
it  was  in  Scneca'ii  time,  tliat  *^the  aliadieet  grounds  are  the 
moistcsL"  * 

It  is  always  ol>fierved  in  the  Amcncan  States,  tliat  clearing 
the  gronnd  not  only  causes  running  springs  to  disappear,  but 
dries  up  the  stagnant  pools  and  the  spongy  soils  of  the  low 
grounds.  The  first  roads  in  those  States  ran  along  tlio  ridges, 
when  practicable,  becaufic  tliorc  only  was  the  earth  dry  enough 
to  allow  of  their  oonstrnction,  and,  for  the  same  reason,  the 
cabiiu  of  the  first  settlers  were  perched  upon  the  hills.  As  the 
forests  have  Ikjou  from  time  lo  time  removed,  and  the  face  of 

*  SsxKCi^  Quettionea  Satanta,  til.  11,  S. 
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the  earth  laid  open  to  Iha  air  and  &un,  the  moisture  lias  been 
cra|>nriiteJ,  aiitl  the  removal  of  tlie  lii^liways  aiid  uf  liiiiuixn 
babitatioits  fruin  tlie  bloak  bills  to  the  sheltered  valleys,  is  one 
of  the  moBt  agreeable  among  the  many  improvenienta  which 
later  generatione  have  witnessed  in  the  interior  uf  the  Northern 
States* 

Recent  obsorvcfi  in  France  affirm  t]iat  evergreen  trees  exor- 
cipc  a  special  rlesicenling  jiction  on  the  &oi!,  ami  casob  are  ciled 
where  large  tracts  of  laud  lately  planted  T^ith  pinc6  have  been 
ahnost  completely  draine<l  of  moisture  by  some  unknown  action 
of  tbc  trees.  It  is  argued  tlmt  the  allc^d  drainage  Uf  not  due 
to  the  conducting  power  of  tlic  roots,  inasniuf^h  as  the  roots 
of  the  pine  do  not  diwcend  lower  than  tlioso  of  tbo  oak  and 
other  dociduouf;  trccH  which  produce  no  such  effect,  and  it 
is  RUgjjcsted  that  the  foh'ai^o  of  The  pine  continues  to  exliale 
througli  tlio  winter  a  pufticient  quantity  of  moiitiirc  to  ac- 
count fur  tlie  drying  np  of  the  n^iil.  This  explanation  is 
improbable,  and  I  know  nothing  In  American  experience  of 
tlio  forest  which  acconla  with  tlio  alleged  &cta.  It  \a  true 
tliat  the  pinc«,  the  lirtt,  Ibo  honiluck,  and  all  tbo  spike-leaved 
evergreens  prefer  a  dry  soil,  but  it  Iia3  not  been  olwerved 
that  such  Boils  become  Ices  dry  after  the  felling  of  their  trees. 
TIic  cedars  and  other  trees  of  allied  families  gmw  naturally  in 
moist  grouTid,  and  the  white  cedar  of  tbo  Xortheni  States, 
Thuya  occidentalia,  is  chiefly  found  in  swamps.  The  roots  of 
diis  tree  do  not  jwnetj-ato  deeply  into  the  earth,  but  are  spread 
out  near  the  siii-facc,  and  of  coarse  do  not  carry  off  the  watona 
of  the  swamp  by  perpendicular  conduction.  On  the  contrary, 
by  their  shade,  the  tieca  prevent  the  evajioratlon  of  the  super- 

"  TheTnicaa  poetOiTiisti,  who  had  cortiibJy  had  little  oppottonity  oC  obBsrr- 
Ing  jirimitiTe  oondlMonw  of  nature  uid  of  man,  wrm  awnro  that  midi  miuit  "bvn 
twea  tbe  coutw  uf  tbiugB  in  nvw  oouutiiaa  "  You  know,"  sajra  bo  in  a  )«t- 
feer  to  a  M«iul,  "  Ui&t  the  hills  Trere  fint  ooenpled  tj  man,  beoiuM  stngnsnt 
Wftt«ni,  and  aft«rwardH  contmnnl  wu«,  exdadtd  mm  frotn  the  plutu.  But 
whoi  truaqnillit;  wiw  MtAbli)Oie«l  and  muuw  prorlded  fur  Uio  diiwhaq^  of  the 
waters,  th«  low  yrottnda  won  booq  oorcccd  wiUi  human  habitations." — Lttttrt^ 
ItKiiw,  IWH,  p.  98. 
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fii^iftl  water ;  but  ivhen  the  ««iiaT«  are  fellod,  the  H^Tamp — which 
donictimea  rather  resemUea  a  pool  filled  with  aquatic  trees  tlian 
a  gTovo  njMjn  BoUd  ground — ufteu  dries  up  no  coinpletulv  as  to 
be  fit  for  cnltiTsb'on  without  any  other  ailiificiH!  draina^  tban^ 
in   the  ordinary  course  of  cultivation,  is  given  to  other  new 

6oil8.* 

T/i^  Forett  in  Wifit&r. 

Tlie  inflnenoe  of  the  woods  on  tlie  flow  of  springs,  and  con- 
sequently on  the  Kupply  for  the  larger  watcr-tunirses,  naturally 
connects  itself  wiili  the  general  question  of  the  action  of  the 
forest  on  the  humidity  of  the  g^round.  But  the  special  condi- 
tion of  the  woodlands,  as  affected  by  snow  and  frost  in  the  winter 
of  excessive  climates,  like  that  of  the  United  States,  has  not 
been  ho  much  studied  a^  it  deserves ;  and  as  it  ha^i  a  mnat  impor- 
laiil  bearing  on  the  8iii>erficia]  liydrology  of  the  earth,  1  fihall 
make  some  obser^'ations  upon  it  before  I  proceed  to  the  direct 
discussion  of  the  influence  of  the  forest  on  the  flow  of  springs. 

To  estinmte  rightly  tlic  importance  of  the  forest  in  oiu-  cli- 

"  A.  npftobl  dcriooBtlTs  inflaeaofl  has  lon^  lieeD  Horibed  to  the  iniuituna 
I^DO,  which  hu  b«en  extcndTely  pUnted  on  the  danos  anJ  eond-plains  of  wMt 
ent  France,  luid  it  b  well  catAbtiBhcd  that,  under  ooitnln  contlitiona,  all  treea, 
whothftT  ev4!T(;rMn  or  d^cidncnu,  «x«r<n9«  thU  fimctiOD,  tuit  t]i«i«  is  no  coo- 
vinciug  proof  that  in  tlia  eaaos  now  nfsTTMl  to  Ihore  is  ui;  diflorenoe  in  tba 
mDd«  of  BOtion  of  the  Uro  cIomm  of  bmoi.  An  arljala  b;  D'Arboda  de  Jnbsla* 
riJle  la  the  JIer*u  (U*  £aux  «i  Forita  for  April,  1809,  avcribiu^  the  Kime  ftoUoa 
to  the  PinOM  rffleatria,  hw  exdted  much  atbontinn  in  Europe,  and  the  facts 
vtKted  b/  this  writer  oonslitote  the  atran^eet  evidenoe  known  to  me  in  supporfi 
of  tkt  allegid  infloeooe  of  evequmen  tree*,  m  diatfai(pii«b(^  from  the  dminlnj 
by  doMTnw&nl  oooduotioii,  whLob  U  a  fnnotioo  exercbed  by  all  treea,  undet 
onlinary  cirunmBtanoGa,  in  pmporttan  to  their  ponetraticm  of  a  bibalona  nb- 
aoU  hj  tap  or  other  deeoending  loota.  Tbe  queatioo  haa  been  ably  ducuMed  }if 
BAraad  hi  tho  Jtamtg  dm  Devx  Mondm  for  April,  1H70,  the  resolb  being  thafe 
the  drytsf  of  tbe  coD  b;  pine*  la  do«  littipljr  tocoodaoCion  by  the  roota,  whal«r«r 
naj*  be  the  foliage  of  the  treoi.  Bee  pott  .*  Infiuaue  of  tA»  ForeH  <m  Flow  of 
Sjfrtngt. 

It  is  boirem  oert^n,  1  believe,  that  eveiytweoa  exhale  more  moisture  in 
irint4r  than  UaBMi  deoidtunu  ttee^,  aad  conseqaently  sotne  weiffat  U  to  be  •■- 
oribeO  to  Lhia  rlcnumt. 


JMPOKTANCE  OP  SNOW. 


200 


mate  as  a  natural  apparatiia  for  accnmnlat'mg  the  water  tliat 
falU  upou  the  surface  and  tmiismitting  it  to  tlie  subjacent 
strata,  we  must  cfinijiire  t!ie  conLlitiiHi  and  pro|>ertiL'fi  of  its  soil 
with  thosa  of  clearfid  and  c.ultivateJ  earth,  atid  exaniino  the 
consequently  different  action  of  these  Boils  at  different  reasons 
of  the  year.  The  dis]jiirity  between  them  isgreatest  in  cHmates 
where,  as  in  th©  Northern  .\incriean  States  and  in  the  extreme 
North  of  Eiiroj^w,  the  ojicn  ^njiind  freezes  and  remains  iinj)er- 
viona  to  i\-ater  during  a  L-onRiJerftblepartof  tlie  winter;  though, 
even  in  climates  where  tho  earth  does  not  freeze  at  all,  the 
wood&  have  still  an  important  influence  of  the  same  character. 
The  difFercnco  ia  yet  greater  in  countries  whiL-h  have  regular 
wet  and  drj*  seasons,  rain  hcinjp  very  fi-equcnt  in  the  former 
period,  while,  in  the  latter,  it  scarcely  occurs  at  all.  The!>e 
countries  lie  chiefly  in  or  near  the  ti-opics,  but  they  are  not 
wanting  in  higher  latitudes;  for  a  large  part  of  Asiatic  and 
even  of  European  Turkey  ia  almost  wholly  deprived  of  summer 
rainn.  In  the  priiu-ipal  regions  occupied  bv  European  cultiva- 
tion, and  where  alone  (ho  que-stions  discussed  in  tliis  vuliinie 
are  recognized  as  liaving,  at  pn-sont,  any  practical  inijHirtauce, 
nKiru  or  Icsa  rain  falls  at  all  seasons,  and  it  is  to  these  regions 
that,  on  this  pouit  as  well  as  others,  I  chiefly  confine  my  atten- 
tion. 

/inporiaiiee  of  Sru»a. 

Becent  observations  in  Switzerland  give  a  new  importance 
to  the  hygromctrical  functions  of  enow,  and  of  course  to  the 
forest  as  its  aceumuiator  and  prtitector.  1  refer  to  stateineiita 
of  tlie  condensation  of  atraoepheric  vapor  by  tlie  snows  and 
glaciers  of  the  Rhone  hasin,  where  ft  is  estimated  to  he  nearly 
equal  to  the  entire  precipitation  of  the  valley.  Wheuover  tJio 
humidity  of  the  atmosphere  in  contact  with  snow  ts  alxive  the 
point  of  saturation  at  the  temperature  to  which  the  air  is  cooled 
by  such  cfHitact,  the  superfluous  moisture  is  alisorbed  by  the 
snow  or  coiLdenscd  and  frozen  upon  its  surface,  and  of  C4>tii-so 
14 
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ftdJs  80  mnch  to  tho  winter  supply  of  water  ret-eived  from  tlie 
snow  by  tho  ground.  Thla  rjiiantity,  in  nil  probaMIity,  much 
exceeds  tho  low  hy  ovaporafioii,  fur  during  the  pori<Ml  when 
the  ground  is  coTcrcd  with  snow,  the  proportion  of  clear  dry 
weather  favorable  to  e^-apeiratiou  is  Ices  than  that  of  humid 
davB  Willi  an  atuKwpliere  in  a  condition  to  yield  np  its  rnttieture 
to  any  bibulous  substnncc  cjld  enough  to  condense  it* 

In  onr  Northern  States,  irrc^inlar  as  I'a  the  climate,  the  first 
autumnal  snowB  pretty  constantly  fall  before  the  gi-oiind  is 
fn>zcn  at  all,  or  when  tho  fnist  extends  at  most  to  tho  depth 
of  only  a  few  inche3.+  In  the  woods,  especially  those  eitiiatod 
njwiu  the  elevated  ridges  wliich  supply  the  natural  irrigati«>n 
of  the  ioil  and  feed  the  perennial  fountains  and  streaiiw,  the 
ground  remains  covered  with  enow  during  the  winter;  for  the 
treoi*  protect  the  snow  from  blowing  fnmi  t!ie  genera!  surface 
into  the  depressions,  and  new  acceftsiDris  are  received  before  tho 
covering  deposited  by  the  first  fall  ifl  raelted.  Snow  !g  of  a 
color  unfavorable  for  radiation,  but,  even  when  it  ia  <>f  con- 
eiderablc  thi<:knef>3,  it  is  not  wholly  impervious  to  the  rays  of 
the  Bun,  and  for  this  reason,  as  well  as  from  the  warmth  of 
louver  strata,  the  fnizen  crust  of  the  soil,  if  one  has  been  fonticil, 
is  soon  thawed,  and  does  not  again  fall  below  the  freezing- 
point  during  the  winter.^ 

*  Tlw  hiud  Botiw-ora't,  whtch  {ti  th«  mtIj  f  pric^  is  m  eouroo  of  suoh  keen 
<nJo7iB«nl  to  tbe  obUdrcn  oiul  j-oiith  of  the  Notth— iui<l  to  many  older  peTKHM 
in  whom  Uiq  Iot«  of  iiniure  ban  krpt  aw^e  a  reliab  for  the  Buspl*  jilMmrM 
of  rural  Ufe—io  doubUfln  dao  to  tbo  conifeloticm  ot  ibo  vapor  coodeiwed  hy 
Hie  tBow  nitlirr  th»n  to  the  thnwing  and  fre«ritif  of  the  iratwrftolal  Btntuia ; 
for  when  tho  •oifacv  is  melted  b,T  tfa*;  son,  the  vater  bi  Uikt>a  np  I17  the  ab- 
MrtiFiit  RioiH  Iteneath  before  thn  t<-in|)CTatare  falls  low  moivh  to  £reoi*  It. 

f  Tho  hard  aotumna]  frueta  arc  usually  preceded  hx  haavj  ralu  irhldi 
thorotighljr  nioi«tan  the  soil,  aiul  it  is  a  oommon  say iii£  io  tbe  North  that  "  Um 
gTooiid  will  not  freoitt  UIl  tlie  swamim  xie  fuU." 

}  Dr.  WiUiaiDM,  of  Tcnnont,  made  some  olMamiUoiu  00  the  eompuiitlre 
l«oip«ratun  of  tbp  Mil  in  open  and  la  vroodod  ground  In  the  j«at«  ITW  and 
1791,  fant  they  gaemlly  bclnnscd  to  the  warmer  mouthii,  and  I  do  imb  know 
tbac  007  ttxtAuidT*  wrlea  of  oomptiTiiious  between  the  tctu|M-Aitur«  of  tba 
gronod  la  tb«  woods  atid  In  the  fields  has  been  attemptad  In  Ametiob    Dr, 
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The  anoTV  in  contact  with  the  earth  now  begins  to  melt,  with 
greater  or  less  rapitHtj,  according  to  the  relative  temperature 
of  the  oarth  and  the  air,  whilo  the  water  rosiilting  from  its  did- 
solution  is  iinl>il>Cfl  hy  the  vegetable  monhl,  and  carried  off  bj 
infiltration  bo  fa^t  that  both  the  Know  and  the  layers  of  leaves 
in  contact  with  it  often  seem  oomparatively  dry,  when,  in  fact, 
the  nnder-siirface  of  the  former  is  in  a  state  of  perpetual  thaw. 
No  doubt  a  certain  prnprirtion  of  the  snow  is  ^ven  off  to  the 
atmosphere  by  direct  evaporation,  but  in  the  woods,  tlie  pro- 
tection against  the  sun  by  even  leafless  trees  provoiit«  much 
loss  in  this  way,  and  besides,  the  snow  receives  mnch  naoisture 
from  tlie  air  by  absorption   and   condensatiou.      Very   little 

^niUABu'a  tbeonometer  wm  auulc  to  the  depUi  of  t«B  indtos,  not]  gave  the  fol- 
lowing remilta: 
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On  the  14tH  of  Janaor^,  1701,  in  a  wint«r  remorluhla  tnr  it)  «>stf«in« 
Hvacfly,  he  fnund  the  groond,  on  n  plain  op«a  field  where  the  uiow-  hod  b«en 
blown  away,  fnwen  to  tlie  d«|ith  of  thiro  foot  and  flra  inohri ;  In  the  woods 
where  the  mow  wm  three  feet  deep,  uu\  where  the  soil  had  froxea  to  tha 
depth  of  nix  Enchea  before  the  mow  fell,  the  thermometor,  kt  six  Inelm 
tidow  the  siufaue  of  the  gronud,  «tood  «t  VJ'.  In  oi^nsequenoe  of  the  oover- 
taf  of  the  Hiow,  therofure,  the  prcrloaaly  ttotca  ifTound  had  been  thiw«d 
mod  nieed  toMvcn  degreoi  nboro  the  freeziug-poJut. — WiLLLUfs's  Vtrmont, 
L,p.74. 

BouMiuginlt'  ■  obMrratioiii  tut  important    BmploTing  three  thennoneton, 
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water  runs  off  in  Uie  winter  bysaperficial  water-com-fioa,  except 
in  rare  caees  of  sudden  thaw,  and  thcro  can  bo  do  queetion  that 
much  the  greater  part  of  the  snow  deposited  in  the  forest  ia 
slowly  melted  and  absttrbed  by  the  earth. 

The  immen«o  importance  of  the  forest,  as  a  reser\-<iir  of  Uiia 
stock  of  moisture,  becomes  apparent,  when  we  conBidcr  that  a 
large  proportion  of  the  suuuncr  rain  cither  flows  into  tlie  valleya 
and  the  rtrcr^,  because  it  falls  faster  than  the  ground  can  im- 
bibe it ;  or,  if  ftbwjrbed  by  llio  warm  superficial  strata,  is  cvai»o- 
rated  fruiu  them  witliout  sinking  deep  enough  to  reach  wolU 
and  springs,  which,  of  coureo,  depend  much  on  winter  rains 
and  snows  for  tlieir  entire  supjily.  Tins  ol>«ervation,  though 
specially  true  of  cleared  and  cultivated  grounds,  is  not  wholly 
inapplicable  to  t}ic  forest,  particularly  when,  as  ia  too  often 
the  case  in  Europe,  the  underwood  and  tlie  decaying  leaves  are 
removed. 

ona  with  the  balb  on  inab  b«lotr  tb«  maittM  of  powdstr  ■no'"' ;  o&o  on  tlu 
mrfaoe  of  the  ffmnnd  beneath  the  moir,  then  four  mcbB!i<Ieei);  diul  oue  in 
tfa«  opeo  air,  forty  f««t  kbure  tlia  grrouud,  on  the  north  side  of  «  buUdiug,  hs 
fbODd,  *t  6  r.H.,  tbofirtt  tbermouiatvt  it  — l.C"  Ceoti^nujs,  th«  ucmd  at  0', 
and  tbs  tUini  At  *2.5^;  at  7  A  h.  the  uext  nioming:,  the  finri  k1o(VI  st  - 1 3^, 
the  MKWQd  at  —3.5",  and  tbe  third  at  — 3^i  at  &,80  ih«  ttuas  ovuning  No.  I 
nood  at  —1.4°,  No.  3  at  0°,  and  N'o.  8  at  +  3'.  Oilier  expcrimeota  woro 
tried,  aad  though  the  tetDperaton  was  affected  bj  tlie  mdUlioo,  which  Taji«d 
vitb  kbe  bonr  of  tlia  day  nnd  the  state  of  the  tky,  tbe  upper  Rartaoe  of  Uio 
■now  wim  MDitaxvalj  colder  than  the  lower,  or  tbao  tbe  open  air. 

Aocordlsg  to  the  Bepoct  of  tbe  Department  of  A^oultiirefor  Kajuid  Jnne, 
1873.  Mr.  C.  Q.  Priadle,  of  Vermont,  in  tbe  preoediog  winter,  found,  for  tour 
■aCOCBtlve  day*,  tbe  tenipenfcnre  immrdiatolj  abore  tbo  eiiow  at  13*'  ttelow 
Ben  I  benaath  the  snow,  which  was  but  four  indies  deep,  at  IS"  above  zero  ; 
•od  under  a  dnft  two  feel  deep,  nt  37"  above. 

On  the  bonlem  and  in  the  gladea  of  tbe  Ametictn  foroct,  violots  and  other 
■nail  jAanta  hi^n  to  regetata  aa  aooo  na  the  anew  hw  thawed  tbe  eoU  aroand 
their  roots,  and  tbejr  are  not  nnfreqaentlj  found  In  (all  flower  ondex  two  M 
three  fo«t  of  mow. — Airuiriam  JVoturalut,  Haj',  1801),  pp.  IAS,  !:>&. 

In  vcTj  oolrl  weather,  when  tbe  ground  ia  ooTCied  with  Us;ht  mow,  flocks 
of  tbo  groaan  of  tbe  Eaatem  StAtos  often  plunge  into  the  Know  about  nunwt, 
nnd  pes  the  night  Ln  thin  warm  abelter.  It  tbo  weather  moderate*  before 
morning,  a  froun  onut  ia  Romdtiaice  forranl  on  the  ntrfaoo  too  strong'  bo  b« 
hnken  by  the  birds,  wluoL  oanaetjaentl/  peilAh. 
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The  quantity  of  suow  that  falls  in  extensive  foreetSj  far  from 
tbe  open  c'oniiti"T,  has  eeklotn  been  ascertained  by  direct  oliser- 
vBtion,  beeaiiso  there  aro  few  meteorological  stations  in  or 
tioar  tbe  forest.  Acrordiiif^  to  Thompson,*  the  proportion  of 
water  which  falls  in  enow  in  the  Northern  States  does  not  ex- 
ceed ono-fifth  of  the  total  precipitation,  but  the  moisture  do- 
rived  from  it  is  doubtless  coiisidernbly  increased  by  the  atmos- 
pheric vapor  absiirbpd  by  it,  or  condensed  mid  frtizen  on  its 
snrface.  I  think  I  can  say  from  experience — and  I  am  con< 
firmed  in  this  opinion  by  the  testimony  of  competent  observers 
whose  attention  has  been  dii-ected  specially  to  the  point — that 
tlioiigh  much  snow  is  intercepted  by  the  trees,  and  the  quantity 
on  tlio  groniid  in  the  wtwds  is  oonsequently  leas  than  in  open 
land  in  the  first  part  of  the  winter,  yet  most  of  what  reacliea 
the  ground  at  that  season  remains  under  the  protection  of  tlie 
wood  until  molted,  and  as  it  occasionally  receives  new  supplies 
iho  depth  of  snow  in  the  fore&t  in  tlio  latter  half  of  winter  is 
considerably  greater  than  in  the  cleared  fields.  Careful  meas- 
orementfl  in  a  snowy  re<rIou  in  Xew  England,  in  the  month  of 
February,  gare  a  mean  of  38  inches  lu  the  open  ground  and 
44  inches  in  the  woods-f 

The  general  effect  of  the  forest  in  cold  climates  is  to  a^sim- 

•  Thompwjm'b  Vsmutnt,  Appendix,  p.  8, 

f  As  tho  Ions  of  miov  hy  ovnponilEou  hofl  tweo  probably  ciKiigg«nited  by 
popolar  opinion,  Ka  nbacrrntion  or  tiro  on  tlia  flabI«ot  tony  not  be  amiiw  in 
tliii  pUce.  It  LN  truu  thnl  In  tl)«  opnn  groQada,  in  dour  weather  uicl  vHh 
%  dry  fttmaopherc,  riiow  iukI  ic«  *n  CTaponted  iriUi  groftt  nipi<3it}-  even  w1i«u 
the  tL«rmomet«c  ia  uucli  below  the  fro€sb^-[K>lnt;  «ad  Damifl  Infonns  lu 
OiMl  tbe  Hnow  on  the  miromlt  of  AooiiciupiK,  2S,000  fost  high,  and  of  couna 
ia  a  temperature  of  perpetmU  f roit,  U  iKJtavtUncs  oBirlod  off  by  evsponttion. 
The  imrfnoe  of  the  snow  in  oar  woodii,  however,  iloen  not  indicate  macb  loM 
iu  tbix  way.  Very  unall  depoHite  of  *now-fliike«  remain  unorapontod  in  the 
forest,  far  many  dny<i  after  snow  which  fell  at  the  loune  time  fo  the  deared 
field  hna  dixappciLied  without  either  a  thaw  to  melt  It  or  a  wind  poworful 
eaongh  to  drift  it  away.  Ewn  when  htuvyl  of  their  learea,  the  trees  of  a  wood 
Obttraot,  in  an  important  degt^e,  both  th^^  direct  aetioa  of  the  siin'a  rays  ou 
tbe  now  and  the  moTemenl  of  drylnff  and  thawing  wlnde. 

Dt.  Pipei  ( Trea  of  Ammtu,  p.  4)j)  ceoorda  the  following  obicrvBtiocu :  "  k. 
body  of  awnr,  ona  foot  ia  depth  and  sixteen  feet  square,  was  protected  from 
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ilate  the  winusr  state  of  the  groniiii  to  that  of  wooded  regions 
uuder  softer  skiee ;  and  it  is  a  circuuintance  well  worth  notiD^% 
that  in  Southeru  Europe,  wlieru  Nature  \im  denied  to  tUu  earth 
a  warm  winter-garment  of  tlocculent  wiuw,  ebu  has,  hy  one  of 
tboee  (MimpensationA  iu  wbli:h  her  empire  is  no  rieh,  clotlied  the 
hillsides  with  utitUrella  and  other  plne^  ilexes,  cork-oaks^  bays, 
aud  other  trees  of  i^crsisteiit  foliage,  whose  evergi-eeu  leave* 
afford  to  the  £oil  a  pixitcctiun  analoj^uu^  to  that  which  it  derived 
from  siiiiw  in  niore  norlliem  cliniales. 

The  water  iiubibod  by  the  soil  in  winter  sinks  until  it  meets 
a  more  or  le«s  impermeable  or  a  saturated  sU-atiun,  and  tlica, 
by  unseeu  conduits,  slowly  finds  its  way  to  the  channels  of 
springs,  or  ooxes  out  of  the  ground  in  drops  whiiji  unite  in 
rilU,  and  so  all  is  conveyed  to  the  larger  streams,  and  by  them 
&i&lly  to  the  sea.  The  water,  in  percolating  tlu-ough  the  vege- 
table and  mineral  layers,  acquires  their  tGinperature,  and  is 
choinieally  affected  by  their  action,  but  it  euri'ies  very  little 
matter  in  mechanical  suspension. 

The  process  I  have  described  is  a  slow  one,  and  the  supply 
of  moisture  derived  from  the  snow,  augmented  by  the  rains  of 
the  following  soaMtiis,  kcei>8  (ho  fore-l-gnmnd,  whore  (lie  sur- 
face is  level  or  but  moderatelj  inclined,  in  a  state  of  approxi- 
mate saturation  throughout  ahnost  the  whole  year.  * 


Um  wind  b;  ■  tight  board  foaot  about  flrc  feet  biffti,  while  anotlMr  bodj-  of 
•now.  mach  mora  ahaltervd  from  thi)  nut  than  tha  tint,  idx  teot  In  daptb,  aud 
about  RuctveD  foct  aiiuaie,  wm  taUj  ox|io««t]  to  tha  wiud.  Wliea  tbv  lliaw 
came  on,  which  la)it«<l  about  a  fartnlnht,  tba  laixcr  body  o'  uiow  waa  entiruljr 
dlMidved  to  lent  thau  a  we«k,  while  the  amaUer  bod;  waa  not  wholly  |^ae  at 
the  end  of  the  R<!ooad  week. 

"  £i|uaJ  i|iuuiiiiiv«  of  anow  were  jilaoed  in  T«aMU  of  tbeoane  land  aad 
capneicy.  Uio  letui>eratnra  at  the  air  \iBiag  aoreDtr  doffraaa.  Id  tba  oos  case, 
ft  Mtulaiib  oofrent  of  air  waa  kept  pasAiug  orer  the  open  tmnI,  whUa  th»  other 
waa  protaactd  bj  a  oorer.  The  aoaw  in  tho  Snt  waa  dlanlved  ia  aUtecn 
ntinutea.  while  the  Uttor  had  a  small  tmtbawed  proportioa  remaining  at  the 
and  of  «t4fhty-flve  misutafl." 

The  now  in  thv  woods  l>  protected  in  the  Mmo  way.  thongh  not  lit«nUy  to 
tha  laiao  cxteiit,  na  by  thefflDueiaonaot  theaa  e—ea  and  thw  purer  in  the  other. 

*  The  guicmenU  I  bara  mado,  here  and  altewhan,  nqwotfog  the  hamiditf 


mPOKTASCfi  OF  fiCUUEB  BA15S. 


315 


It  may  be  proper  to  observe  here  Ibat  in  Italy,  and  in  many 
partB  of  S)>ain  and  France,  tlie  Alps,  tJic  Apcniuiiei»,  aud  tlic 
Pyrenees^  not  to  Hpcak  of  leaa  impurUiit  luouiitaius,  perform 
tlie  fiUK'tloiis  wliluli  jsnividfiit  iiHlui-oliiittin  olLur  n-gioiuiiiKsigll- 
ed  to  tha  foixt>l,  that  is,  lliej  act  tis  n?*L-fvoii-8  wherein  is  accu- 
mulated in  winter  a  siijjply  of  inoisttire  to  nourisli  the  parched 
plaiiii  during  the  drmi<»hlrf  of  Btiuiiiier.  llcucc,  however  cnor- 
moufi  may  be  the  evilti  which  huvc  accrncJ  to  thu  aUivo-niun- 
tioncd  vuiuitries  from  the  deeitnictiou  of  the  woods,  the  abiH>lute 
desolatiun  which  would  othenvise  havesmitteu  thctn  thi'ough  ihe 
folly  of  nian,  hiis  been  partially  prevented  by  tho&o  natural 
dispositiona,  by  means  of  which  there  are  stored  up  in  the 
glaciers,  in  the  snow-fields,  and  in  the  bafiine  of  inomitain^  and 
valleys,  vast  dopogita  of  condengod  moiature  which  ai'c  after- 
wards di^trihiitod  in  a  II<-[uid  form  duriug  the  Bcaeon  in  which 
tlie  atmosphere  furnishes  a  slender  supply  of  the  beneficent 
fluid  BO  iiidispousablo  to  vegetnblo  and  aniuiul  life.* 

Summer  Rains^  Tmj^rtance  of. 

Sabinct  <jnotes  a  French  proverb:  "Summer  rain  wets 
Dottung,"  aud  explaiud  it  by  saying  that  at  that  season  the  lain- 


of  the  aoQ  ID  utuni  fomta.  1i&t«  been,  I  nnd«ntAnd,  deolMl  by  Hr.  T.  1IM> 
ban,  K  distiniriub«d  Ampricnn  nntnraltBt,  bi  n  pnpor  which  I  hnvo  nol  aMB» 
Hi3  ifl  quoted  tu  nuunUmm^.  muoni;  other  highly  qaMtloQabl«  prapoBitloiu, 
that  no  fnittund  m  "  no  dry  in  iM  Kiihitiill  ax  t>int  wliinh  cnitRlm  k  fnrevt  on  Km 
nar&ce."  In  op«a,  aitiHt'iiJly  piftnted  wooik.  with  a  ■mooth  and  rejpUAr  scr- 
hoe,  iu](l  pspocinlly  in  fnn»t«  where  the  fnJIon  Imtm  uid  Lriinchi>H  arc  annu- 
ally  burnt  or  carri«tl  off.  both  lb«  stipcrficiAl  and  th«  mbjaoaot  atnta  nuy, 
nndcr  crtain  drotiimttitnoeM,  Iwcontr  ilrr,  but  bhiH  rnrely,  if  arer,  bBi>poi»in  a 
wood  of  «ponUnemu  growth,  undcprired  of  the  protection  afforded  bj  ita  own 
dro]>pingit,  and  o(  tbv  nntiiml  aocidenta  of  mrfane  whlob  t«ud  to  the  rotentioa 
o(wat«r.  Bm,  on  thin  point,  a  toij  able  article  by  Mr.  Iletiry  Btewart,  fa 
ihe  New  York  TrOrttwr  at  Nov<;mber  29,  187}t. 

*  Tko  itocumulntioa  of  Know  and  ioe  Ti|>oa  the  Alpfl  and  other  nonatatna — 
which  oft*>n  filln  up  valtajm  to  the  beight  of  bunrlteds  of  feet — u  doe  not 
only  CO  the  fall  of  oongealed  and  oiTshaHiaed  vapor  in  the  form  of  mow.  ta  tint 
emideaiiBtion  of  atniant)b«riG  vapor  on  the  mtfaoe  of  aaow-fi«IdB  and  glaoieta, 
•Dd  to  a  tempemcore  which  preveota  the  nqrid  raaltfos  of  bdow,  bat  alao  to 
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water  b  "almost  etitirely  carried  <«ff  by  evaporation."  "The 
raiiiK  of  snmraer,"  he  aJdts  '*  however  abnndant  thov  may  be, 
da  not  peuelrato  tlie  soil  !)eyond  the  depth  of  eix  or  eifrht 
hiebe&  lit  fiiimmer  tlie  eva]>uratiti^  ^K>wcr  of  the  beat  is  five 
Lir  eix  times  greater  tliau  iu  wiutvr,  and  lliie  forco  is  exerted  by 
au  atinf«spltcrb  capable  of  containing  five  or  six  ttmc6  a&  mnuh 
vapor  as  iu  winter.''  **  A  stratum  of  snow  whitJi  prevents 
evaiwirntion  [from  the  gronnd],  uansea  almost  all  the  water 
tltat  u>m{»osofi  it  to  filter  into  the  earth,  and  forms  a  provision 
for  foont^na,  welU,  and  streams  which  could  not  be  funiifilicd 
by  any  quantity  whatever  of  mtmnier  rain.  This  latter,  oseftd 
to  vegetatjoti  like  titc  denr,  neither  jienetratee  the  coil  unr 
accumulates  a  gtore  to  supply  the  springs  and  to  be  j^von  out 
again  into  the  o\ieu  wr."  * 


tb«  wtft-ktiown  Cm^E  thKS,Rtl<»L«np  CO  thohd^t  of  10,000  fe«C,nmaikd«Knr 
mn  man  abandaat  on  tlui  mooatAuu  than  at  low  l«Tcla 

Bui  uM>th«r  leMOO  maj  be  iggMteil  for  th«  tocreaM  of  atmospheric  bn- 
toiditv.  and  oenBttqacally  of  tb*  ^tdpitaUoD  of  aqnAoos  npot  on  mtmntAUi 
ehaina.  In  dbcaaringtlMi  fatBoMWof  mottntaln*  oo  preriptmJMi.  mMgotolof^m 
barm  gvMnUy  tivatad  th«  popular  baUef,  that  BwnuibMM  "atttaot"  to  ft— 
doada  floatui^  witlun  a  oaitaia  diitfancw  f^om  them,  m  an  JpiocaBt  prajudlca, 
aad  kb«7  aaerib*  th«  appcaraDc«  of  clooda  aboat  h%h  paaka  BC4dj  to  tk«  oon- 
danaatiOQ  of  the  hamidi^  of  iba  air  carriod  bjr  atmoaiAeitc  oamDla  op  tba 
■lope*  of  ibe  noaotaln  to  a  oolder  temprratnn.  Bat  if  ">"iin<*'ti»  do  BOt 
naUly  draw  dooda  and  innable  npon  to  dun,  they  bib  an  exeapcioa  to  fto 
nniTonallawof  atttaetioa.  Tba  atmcdoo  of  tba  mall  Mottnl  SaMballiwi  waa 
ftmad  — Bcaent  to  deflect  firom  the  peqwudkinlar,  Igr  a  maaaiuable  (loanlitf, 
a  pltunne*  weighhitr  but  a  few  ounoae.  Whj,  then,  thoaii  not  groatet  maMca 
attrmct  to  them  volamea  of  vapor  vaigfainc  Buaj  bona,  and  floatiiif  ^nwlf  ia 
tha  atmoaphan  within  modanta  diataooaa  of  tba  BOOBlalni? 

*  jGfwfaa  «C  Lretvrt^  voL  tL,  p.  116L  The  sxpafinunta  of  Jobnatrnp  ia 
Aa  vldiiilj  of  Cnpaahagaa,  whan  tha  meao  annual  preoipiiaskin  ii  S^ 
iai^aa,  and  wb«n  tba  arapofatwa  anat  ba  lena  than  in  the  wanner  ami  drier 
atmoqpbna  of  Pmnea  (brm  the  meet  cuvfnl  aariea  of  obaerraCbiu  oa  this 
a»t»i»cl  whidi  I  hara  bmC  with.  Jobtiatmp  fooad  that  at  tha  daf*k  o<  a 
nakm  and  a  halt  <S>  fndkaa)  Iha  aAeta  of  rain  and  anpocalian  wan  afaneak 
Iwpaietptfbl*.  and  baoaaia  eoBplttalr  k>  at  a  depft  oC  fion  two  ta  thno 
aiatoaa{«itelOI<nU.  Dating  the  aanmar  half  aC  tha  j«ai  lh»  •v^onltaa 
faftaraxeoededthanialal]:  durfar  the  wiatar  half  tha  aalin  pndpHaMoa 
vaa  afaaocbed  bj  tha  aoil  and  tJanamitted  lo  lower  atnta  by  bifilmiioti.    Tht 
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TluB  cnncliision, however  applltmblc  to  tlie  clanate  and  to  the 
jil  (if  Fmiico,  ift  too  bvoftiJIy  stated  to  l)o  rec:eive(l  as  a  general 
truth ;  and  in  countries  like  the  United  States,  where  rain  in 
comparatively  rai-c  during  the  winter  and  abundant  dtn-ing  the 
suntmur  half  of  the  }'«ar,  coiiinion  ohBcrvation  eliowa  that  the 
quantity  of  water  f  iiruislied  by  deep  wells  and  by  natural  ejirings 
depouda  ahnofit  as  uiueh  upon  the  rain^  of  summer  na  M\>on  those 
of  t!w  rest  of  the  yoar,  and  confieqiiently  that  a  large  portion  of 
the  raiu  of  tlmt  »cad(m  must  find  its  way  into  strata  too  deep  for 
the  water  to  be  wasted  by  evaporation  * 


stmtura  between  one  metre  and  a  bnlf  (50  tncb««)  anil  c^nta  metres  (10  feet) 
ttvm  the  nirfnoe  wu  thcu  piiruMQeDlly  iu  ihv  oonditiun  af  •  Mtonted 
■f>on]^.  neither  reocivuf;  uor  loring  humidity  dorfnit  the  mitniner  half  of  fih« 
fou,  but  KceiviufT  from  nperior,  and  ^viag  off  to  tower,  strata  na  tqaid 
aiDaantof  moUtore  during;  tlie  winter  half. — Jdukstbup,  Om  FusdgheiaM 
JitviK'/flM  i  dfii  iuitHriiif«  Jvfdbu/Ki.     EJObenliaTQ,   1S<J6. 

Daltan'i)  ex;MrImBiiUi  in  the  yaim  17H,  1707,  and  I7S8  appeund  to  ahow 
tiiat  the  mean  absorjiUoa  of  the  downtall  bj  the  earth,  in  tbo*e  year*  waa 
twent^'-nine  per  eenc 

DickiiuKtu,  employing'  tbe  fuune  appomtiui  for  cig^bt  jeani,  foiimi  the  alieorp- 
tien  bo  vurj  widely  In  diffbrent  ynxrs,  the  mcao  bcintr  fort^-twveu  ]>er  i-vuL 

Cbaraoolc'a  cxperlmenta  in  two  yaon  show  on  abuori>tioii  of  from  iieYeiiteen 
to  twonty-fieron  iier  cent. 

*  Acooidiug  to  obMrralioua  nt  cms  hundred  military  ntatioafl  la  the  United 
Ststei,  tho  prodpiUvtiau  ranj^est  from  tbrue  and  a  quarter  indie*  at  Fort  Tttma 
itk  California  to  aWui  Mveuty-Lvro  iucht^  ut  Fort  Pike,  LoiiiBiana,  (ho  mean 
far  the  entire  territory,  nnt  Including  AllaKka,  boin^  thirty-«ix  locfaea.  tn  tho 
different  sectiom  of  tbe  Uaiaa  it  U  an  follows : 

N'orlb-castum  Stated. 41    iacbaa. 

New  York 38  " 

MiddlofitatM 40k  " 

Ohio 40  '* 

Southern  SUtes 01  *' 

S.  Vf.  SbatM  uul  Indian  Terrttoriea S0(  " 

Wentem  Statea  and  Tcnitoriea 80  " 

Tezaa  and  Xew  Mexico 24^      " 

Cnlifoniia 18^  " 

Oiegim  and  Waahington  Territory BO  " 

The  moontalnooB  repooa,  it  appears,  do  not  reoeln  tho  gxMtAit  amount  of 
pMdpitatloii.    Tha  araiafs  downfall  of  the  SoBthcn  Statoa  boadodng  on  ihs 
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Besides,  evcu  admittiug  tliat  the  water  from  BQinmer  niiu  ii 
BO  completely  evfipurated  as  to  uoDtribute  notliing  directly  t<> 
the  supply  of  springs,  it  at  least  tends  indirectly  tu  maintain  their 
flow,  because  it  saturates  in  part  the  atitK^plioie,  and  at  the 
same  tiuie  it  prevents  the  beat  of  the  ami  from  drying  tlto  eaith 
to  8tiU  greater  dcptlis,  and  briuging  within  tlic  reach  of  evapo- 
ration tlie  moisture  of  strata  which  ordinarily  do  not  feel  the 
effects  of  solar  irradiation. 

Infin^nce  of  the  JTureat  on  the  Flow  of  Springe. 

It  isau  almost  universid  and,  I  believe,  well-fonnded  opinion, 
tliat  the  i>rotection  afforded  by  Uio  forest  againut  the  escape  uf 
moisture  from  its  sriil  by  snperfit^ial  How  and  evaporation  insures 
tlu?  permanence  and  regularity  of  natural  springs,  not  only 
within  tlic  limits  of  the  wocvd,  but  at  some  distance  beyond  its 
bc^rderv,  and  tluis  contributes  to  the  supply  uf  au  element  cfiscn- 
tial  to  bolii  vegetable  and  animal  Hfe.  As  the  foruetii  are 
destroyed,  the  springs  wliit:h  fluwed  from  the  wood«,  and,  conse- 
quently, the  greater  water-uourses  fed  by  them,  diminish  Ixjth 
in  nuirdier  and  in  volume.  This  fact  is  &j  familiar  throughout 
the  American  States  and  the  Britid7h  Provi[iee«,  tliat  there  are 
few  old  reaideutfl  of  the  interior  of  those  districts  who  are  not 
able  to  testify  to  itii  trutli  as  a  matter  of  i>ersonal  observatiuu. 
My  own  rcccdlcction  suggests  to  me  luany  instances  of  thi)*  stirt, 
and  I  reuiombor  one  case  where  a  small  mountain  spring,  which 
diwipjjcai'ed  soon  after  tlte  clearing  of  the  gn»»nd  whei-o  it  i-ow, 
\\u&  rocovorod  about  twenty  year*  ago,  by  siiujily  alluwing  the 
bushes  and  yonng  trees  to  gi-ow  np  on  a  rocky  knoll,  not  more 

Atlantic  moA  the  Onlf  of  M«x1cd  exceeria  the  Eoeen  of  the  wbolo  ITtutod  SbKtn, 
being  no  Iom  than  Afij-oae  inobea,  whQe  on  the  Paoiflo  ooisb  it  xmoftte  from 
fif^  to  flftj-<aix  inchee. 

Ab  «  fatanl  nUe.  it  inaj  be  lUted  thrt  at  the  eUitiuns  oa  or  near  Um  ha- 
oouit  Ibe  pteeipiiedon  in  gresteat  in  tbe  spnef  months,  though  there  are  mar- 
enl  exoeptioBK  to  this  mnaHc.  and  at  a  large  majunt?  of  the  ■L>Uoiu  tbe 
downfaU  i«  oanaideiBblj  greater  is  the  vonuner  mootha  ibao  at  anjr  other 
aaaaoa. 
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than  half  on  acre  iu  extent,  iiuniodiately  abovo  tJie  £priu^.  The 
gruuiid  vrui  hardly  shadud  bcfoiti  tiie  ^vator  ruaiipcon^,  and  it 
luu  evor  itiuuo  cotiliuuod  to  flow  withuut  iuterrupUuu.  TLu  lulls 
in  the  Atlantic  States  formerlv  abounded  in  Bpriiiga  and  bniuku, 
but  in  many  parttt  oi  the^  btatea  which  weic  cleared  a  geiium- 
tion  or  two  ago,  the  hill-pastures  uuw  suffer  severely  from 
drought,  aud  ia  dry  BeaiK)Ufi  furaigh  to  cattle  neither  gi-aes  nor 
water. 

Ahuust  every  treatieo  on  the  economy  of  the  forest  adduces 
&cts  in  support  of  the  duutriue  that  the  cleanlier  uf  tlm  wuckU 
tends  to  dinilniiih  the  flow  of  springs  and  tbo  liiimidity  of  the 
soil,  and  it  might  seem  nuuceessary  to  bring  forward  further 
evidence  on  tliis  point.*  But  tho  subject  is  of  t»K>  mncli  practi- 
cal im^Hirtance  aud  of  too  great  philosLipliical  intercut  to  be 
summarily  dis^Kjeed  of;  and  it  ought  to  bo  noticed  tliat  there  ia 
at  least  one  case — that  of  Bomo  looeo  saniiy  »»il8  which,  ns  ob- 
served by  VaUe8,t  when  bared  of  wood  very  rapidly  alteorb 
and  tranemit  to  lower  strata  the  water  they  receive  from  llie  at- 
mosphere— where  the  removal  of  the  forest  may  increase  tho 
flow  of  springs  at  levels  below  it,  by  exprwing  to  the  i-aiu  aud 
melted  snow  a  surface  mure  blbalous,  aud  at  tiic  same  time  leds 
retentive,  than  its  original  covering.  Under  such  ciruumstanceft, 
the  water  of  precipitation,  which  had  formerly  been  ulisorbed 
by  the  vegetable  mould  aud  retained  until  it  was  evapuratcil, 
might  descend  through  [K>rous  eartli  until  it  meets  an  imperme* 

•  "  Why  go  M  tta  for  the  proof  of  a  phonom«iton  that  a  repcatod  erery  daj 
otulet  our  ovm  eye*,  uid  of  which  every  I'Ariaiiui  m%y  convince  binuHtlf ,  with* 
out  veoturiog  bejoad  the  Boia  Je  Boulogne  or  the  foreat  of  Ueodoii  ?  Lot  bin, 
■C(«t  a  feur  zaiay  d»yn.  paa  tUvas  tbs  CbeYrauMi  io«d,  wlilcb  ti  Iranlend  on 
tile  right  by  the  wood,  on  the  left  by  cultivated  fields.  Tho  fall  of  wut«r 
&Dd  the  cootinaanoo  of  the  raju  hnve  b««ii  the  same  ou  both  aidec ;  but  tbo 
ditch  on  the  mJe  of  the  forest  will  remain  filled  with  water  proceedlnif  from 
tfaa  iuftltrataoa  through  the  wooded  eoil,  loag  after  the  oUiur.  oouU^ioiw  to 
the  open  groond,  baa  portormod  ita  uffloo  of  drainnf^  and  become  Ary.  Tho 
ditch  on  the  left  will  have  di«charsc<)  in  a  f«w  Loon  a  quaotitr  of  water, 
which  th»  ditoh  ou  the  right  ru()iiinji>  oevcral  dnjrB  to  reoahre  aud  oarrj-  down 
to  the  vaUey."— Clav^  Ktadft,  «<x.  pp.  53.  54. 

I  Vjua.fas,  Studm  ntr  Urn  imaadatimMy  p,  473. 
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able  stratum,  and  then  bo  conducted  along  it,  until,  Giiullj,  at  the 
outcruppi'ijg  of  (his  strahmi,  it  bursts  fi-oin  a  bitUiJe  as  a  run- 
ning Bprinj;.  But  Bueh  Iiistanc'cs  arc  drtuhtlefi«  Uxt  rare  to  form 
a  frwqnontoraii  impoitant  exception  to  the  goiiera!  law,  becanso 
it  ix  ver}*  Beldoni  the  eat^e  tliat  such  a  s<iil  as  has  yist  l>een  Bup- 
poBt'd  i^  covered  by  a  layer  of  vegutable  earth  thifk  onon^h  to 
retain,  until  it  ia  evaporated,  all  the  min  that  falla  upon  it,  with- 
out imparting  any  water  to  the  strata  below  it. 

If  we  look  at  the  jioint  under  difieiiBsion  as  purely  a  question 
of  fact,  to  bo  determined  by  positive  evidence  and  not  by  argn- 
mcnt,  the  observations  of  Houi^ingauU  are,  both  in  tJte  circam- 
Btanc-es  lliey  detail  and  in  the  weight  to  be  attaclied  to  tlw 
testimony,  among  the  most  important  yet  recorded.  The  interest 
of  the  question  will  juBtify  me  in  giving,  nearly  in  H<iu88in- 
gault's  own  words,  the  fanrs  and  Bonieof  the  remarka  with  which 
he  a<;<-on(i panics  tlio  detail  of  them.  "  In  many  localities,"  he 
observes,*  "  it  liaa  been  tlionght  that,  witliin  a  e^rtaiu  number 
of  ycui-S)  a  sensible  dimiuution  lius  been  perceived  iu  the  volume 
of  water  of  streams  utilized  as  a  motive-power ;  at  other  j>oints, 
there  aro  grounds  fur  bflieving  titat  rivers  have  become  shal- 
lower, and  the  increasing  brcullh  of  the  belt  of  ]>ebbles  along 
their  banks  seems  to  prove  the  lose  i>f  a  part  of  their  water;  and, 
linally,  abundant  springs  havo  almost  dried  up.  These  obscr> 
rations  have  been  principally  made  in  vnlUM*8  bounded  by  high 
mountains,  and  it  ha;^  been  noticed  that  this  diminution  of  the 
waters  lias  immediately  followed  tlioejKieh  when  the  inluibilanis 
have  IjeguD  to  destroy,  unsparingly,  the  woods  which  were 
Bpread  over  the  face  of  the  laud. 

"  And  here  lies  the  practical  point  of  the  question;  for  if  it 
is  once  established  tliat  clearing  diminislics  the  volume  of 
titi-eame,  it  in  less  imjxM-tant  to  know  tii  wlial  Kpocial  cniihe  this 
effect  is  due.  The  rivers  which  rise  within  tlie  valley  of  Ara- 
giia,  having  no  outlet  to  the  ocean,  form,  by  their  nm<^>u,  tho 
Lake  of  Tacarigna  or  Valencia,  having  a  length  of  about  two 
U'8;>iic8  and  a  half  [=  7  English  miles]. 

*  ItMonie  Jlurale,  t  it,  p.  780. 
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"At  the  time  of  Hiiinboldt's  vJRit  to  tlie  vnlloy  of  Ara^j^ua, 
the  inhabitaiiU  were  stni'ck  by  the  gradual  diDiiinitiou  which 
the  lake  had  been  nndej^infj  for  thirty  years.  In  fact,  by 
comparing  the  descriptions  pi  rcn  by  historians  %\*ith  iU  actual 
condition,  even  making  large  allowance  for  cxaggcrutiuii,  It 
was  easy  to  see  that  the  level  was  considerably  deprei*cd.  The 
fact*  sj>oke  for  themselves.  Oviedo,  who,  toward  tho  cb«o  of 
tJte  sixteenth  century,  had  often  traversed  the  valley  of  Ara- 
gua,  fiavB  positively  that  New  Valencia  was  fonnded,  in  1&&&, 
al  half  a  luagne  from  the  Lsike  of  Tacarigua;  in  ISW,  IIiiiii- 
boldt  foiuid  thifl  city  0,260  mitres  [=  34  English  miles]  fn>m 
(lie  eliore. 

"  Tlie  aspect  of  ihe  soil  furnished  new  proofe.  Many  hil- 
locks on  the  plain  retain  the  name  of  islands,  which  they  more 
justly  bore  when  they  were  Biirrtjunded  by  water.  The  ground 
laid  bare  Ity  the  retreat  of  the  lake  was  converted  into  admi- 
rable plantations  ;  and  buildings  erected  near  tho  lake  tihowed 
the  siukiiig  of  the  water  £it>in  year  to  year.  In  1790,  new 
islands  made  their  appenrant*.  A  fortress  built  in  1740  on 
the  iftland  of  Cabrem,  was  now  on  a  pcnint^ula ;  and,  finally, 
cm  two  graTiitic  islands,  tfaneo  of  Ciira  and  Cabo  lilunco,  Hum- 
boldt ol)?erved  amniig  the  shrubs,  some  metres  above  the 
waltr,  fine  sand  lilled  with  hclicitus. 

"  These  clear  and  positive  facta  suggested  nnmenms  explo* 
natinrip,  all  atwutning  a  Bu})torranean  outlet,  which  permitted 
tho  discharge  of  tJio  water  to  ihe  ocean,  flnmboldt  dip]H«ed 
of  these  hypotheses,  and  did  not  hesitate  to  ascribe  the  dimi- 
nution of  the  waters  of  the  lake  to  tlio  numerous  clearings 
which  had  been  made  iu  the  valley  of  Aragua  within  half  a 
century." 

Twenty-two  years  later,  JjoussingauU  explored  tho  volley 
of  Aragua.  For  some  yoarA  previons,  the  inhabitants  hail  ob- 
8e^^'ed  that  the  waters  of  the  lake  wore  no  longer  retiring,  hut, 
on  the  contrai-y,  were  sensibly  rising.  Grounds,  not  long 
before  occupied  by  plantations,  were  submerged.  Tlio  islands 
of  Kucvas  Aporccidas,  which  appeared  above  tlie  surface  iu 
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17&6,  ha<j  iigaiii  become  ehoals  dangproiis  to  navij^atlon.  Ca- 
brera, a  tongue  of  land  on  tlw  iiortli  side  of  the  valley,  was  so 
nam>w  tliat  tlio  least  riBe  of  the  water  completely  inuTidated 
it  A  protracted  nortb  wind  eufHced  to  flood  tlio  road  betweeu 
Karacay  and  Now  Valencia.  The  fears  which  the  inhabitants 
of  the  fihores  had  so  long  entertained  were  rcvci-sed.  Those 
who  bad  explaineil  the  dimiinition  of  the  lake  by  the  siip^w- 
sition  of  Bubtermnean  channels  were  suspected  of  blocking 
them  lip,  to  prove  theniBelvee  in  the  ri^ht. 

During  tho  twenty-two  years  which  had  elapsed,  the  valley 
of  Aragua  had  been  the  theatre  of  bloody  stru^les,  and  war 
Iiad  desolated  theeu  smiling  lands  and  decinmted  their  j)opiilft- 
linn.  At  tho  first  cry  of  indojwndoneo  a  great  nnmlK^r  of 
slaves  found  their  liberty  by  enlisting  nnder  the  banners  of 
the  new  republic;  the  great  plantatioits  were  abandoned,  and 
the  forest,  which  in  the  tropics  eo  rapidly  encroaches,  had  sjiiou 
recovered  ft  largo  proportiun  of  tlie  soil  whieh  inuu  had 
wrested  from  it  by  more  than  a  century  of  constant  and  pain- 
ful labor. 

Boufesinganlt  proceeds  to  state  that  two  lakes  near  Ubato, 
in  Now  (franada,  had  fanned  bnt  one,  a  contary  before  his 
visit;  that  the  waters  were  gradually  retiring,  and  the  plan- 
tations extending  over  the  abandoned  bed  ;  that,  by  inquiry  of 
old  hiintertiand  by  examination  of  parish  records,  he  found  that 
extensive  clearings  had  been  miule  and  were  still  g"iiig  "U. 

He  fdiinil.  ftUit,  ihiit  tlie  length  of  the  I^ke  of  Kuqnenti,  in 
the  same  valley,  had,  within  two  ccntnries,  l>een  reduced  from 
ten  leagues  to  one  and  a  half,  its  breadth  from  tliree  leagiiee  to 
one.  At  the  former  jieriod,  the  neighboring  mountains  w«re 
well  wooded,  but  at  Uie  time  of  his  visit  tlie  mountains  had 
boon  alinout  entirely  stripped  of  their  wikkI.  Onr  author  adds 
thitt  otlier  oaflOfi,  similar  to  those  already  detailed,  might  1)6 
cited,  and  he  proceeds  t^j  show,  by  several  examples,  that  tlie 
watei-s  i'f  other  lakes  in  the  same  regions,  where  the  valleys 
had  always  been  bare  of  wood,  or  where  the  forests  had  not 
been  disturbed,  had  undergone  no  change  of  levoL 
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BonssingfiuU  further  etalts  tlmt  llie  lakw  of  Switzerland 
Itave  eustivined  a  cIe|irc$s!on  uf  level  eiuc-i*  tlie  too  pi-evalcnt 
destruction  uf  the  wood?,  and  an-ives  at  the  general  ivinclit&ioii 
that,  "  ill  coiiutrles  whtre  great  c-lt'srings  have  hocit  mado, 
there  has  nioet  probahljr  hceu  a  diminution  in  the  living  \rat<3r8 
which  flow  upon  the  snrfacc  of  the  gronnd."  This  cont.dneion 
he  furtlier  Riipjiorts  hy  two  exanijdes :  one,  where  a  fine  (-'prin^, 
at  tlie  Uxtt  of  A  wofKJed  mountain  in  the  Island  of  AsccnsioTi, 
dried  up  when  the  inonntaiii  wan  elenred,  but  reflppcared  when 
the  wood  was  replanted ;  the  other  at  Martnato,  in  the  province 
of  Popa}"an,  wliyre  tUo  streams  etajilojed  to  drive  macbinery 
were  inucli  diminished  in  volume,  within  two  yeara  after  tlio 
clearing  of  the  heights  from  which  they  derived  their  pupj>lie3. 
This  latter  is  an  interesting  cas^e,  bucaiiso,  althon^h  the  rain- 
gauges,  cslablislied  aa  eoon  aa  the  decrease  of  water  begiui  to 
excito  alarm,  showed  a  greater  fall  of  rain  for  the  second 
year  of  oltBcrvatinii  than  the  fii-et,  yet  there  was  no  apjiro- 
[liable  increase  in  the  flow  of  the  milUtreama.  Front  these 
cases,  the  distingnJAhed  phyaieist  infere  tliat  very  restricted 
local  clearings  may  diminieh  and  even  suppress  i^pringa 
and  brooks,  without  any  redactiuii  in  tlie  total  qiiaiitity  of 
rain. 

It  will  have  lioen  notJoed  that  these  observations,  with  the 
exception  of  the  last  two  i^ses,  do  not  bear  directly  iipou  tJie 
([itestion  of  tlie  diininntion  of  apringa  by  clearings,  but  they 
logically  infer  it  from  the  Piibsidcnce  of  t!ic  natnml  reservoirs 
which  springs  on(»  iilloi).  There  ik,  howo%'cr]  no  want  of  poei- 
five  evidence  on  this  snlijcct. 

Maruhand  cites  the  following  instances:  "Before  the  felling 
of  the  woods,  within  the  last  few  years,  in  the  valley  of  the 
Soulce,  the  0<iinhe-i*^%-Motinin  and  the  Little  Tolley,  the  Some 
furnished  a  regidar  and  sufficient  eupply  of  water  for  the  iron- 
works ol  Untcrwyl,  which  was  almost  unaffected  by  dnuight  or 
by  heavy  rains.  The  Some  has  now  become  a  torrent,  every 
shower  occasions  a  floods  and  after  a  few  days  of  fine  weatlior, 
the  current  falls  so  low  that  it  has  been  necet^sary  to  change 
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the  wator-wheek,  because  those  of  the  old  con&tnic-tion  are  no 
longer  able  to  drive  the  juacliuiery,  aud  ut  lust  to  iutruduw;  a 
Btctim-tiigiiio  to  preveut  the  stoppugu  of  the  works  fur  want  of 
water. 

"  AVlien  the  factory  of  St.  Ursanne  wna  established,  the 
river  that  furaUhed  its  power  was  abtindaiit,  acid  hud,  f ixmi 
time  iinnieiuoriul,  suBiccd  for  the  machinery  of  a  prcvioud 
factory.  Afterwards,  the  woods  near  its  sources  were  cut. 
The  supply  of  water  fell  uff  in  conscquencTe,  the  foetory 
wanted  water  for  half  tlie  year,  aiid  was  at  last  obliged  to  stop 
allopjther. 

"  Tiic  ppring  of  Comhcfoulat,  in  the  coinmnne  of  Scleate,  was 
well  kiKiwni  as  one  of  the  lK:«t  in  tlio  eountry ;  it  was  remark- 
ably abundant,  and  eiiflicicut,  in  the  severest  dronj^hts,  to 
supply  all  the  fountains  of  the  town  ;  but  as  soon  as  consider- 
able forests  were  felled  iu  Contbo-dc-prii  Idartin  and  in  the 
valley  of  Combefoulat,  the  faniuus  spring,  whicli  lies  Iwlow 
tliese  woods,  lia£  hetxune  a  mere  thread  uf  water,  aud  disappears 
altogether  in  times  uf  dniujijhL 

"The  spring  of  Varieux,  whieh  formerly  supplied  the  castle 
of  Pruntrut,  lost  more  than  half  its  water  aftci  tlic  clearing  of 
Various  aud  Rougeolos.  The^o  woods  havo  been  replauie^.!, 
ihe  young  trees  are  growing  well,  and,  with  tliu  wiiuds,  the 
waters  of  the  spring  are  increasing. 

"  The  Dog  Spring  between  Pruntrut  and  Bressanconrt  has 
entirely  vanishtHl  since  the  surrounding  forest-grounds  were 
bi-oni;ht  under  eiiltivHtion. 

"  The  Wolf  Spring,  in  tlie  commune  of  Soubey,  fnmielies  a 
reraarkatilc  example  of  the  influence  of  the  woods  upon  foun- 
tains. A  few  ycare  ago  this  spring  did  not  exist.  At  the  plaro 
where  it  now  rises,  a  small  thread  of  water  was  observed  after 
very  long  rains,  bnt  the  stream  disappeared  with  the  rain.  The 
Bjiot  is  iti  the  niidtlle  of  a  very  steep  pasture  inclining  lo  the 
soutli.  Eighty  years  ago,  tlie  omier  of  the  land,  perceiving 
that  young  firs  were  shooting  up  in  tlie  upper  part  of  it,  de- 
tcnnine<l  to  let  them  grow,  and  they  soon  formed  a  flourishing 
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grovo.  As  «K)ii  9a  tlioy  were  well  grown,  a  fine  spring  ap- 
peared in  placo  of  tlie  ovcasiunal  rill,  and  fiirniKhcd  abnndaiit 
water  in  the  longest  droufjlits.  For  forty  or  fifty  years  this 
spring  was  considured  the  best  in  tho  Clo»  dn  Doubs.  A  few 
^'ears  since,  tltu  grove  was  felled,  and  tlic  ground  turned  again 
to  a  i»a8luro.  The  spring  difiappcarod  wilb  the  wood,  and  is 
now  as  dry  as  it  vrm  ninety  yeara  ago."  • 

Siemoni  gives  the  following  remarkable  facts  from  hia  own 
personal  oUsicrvalion : 

"  In  a  rocky  nook  near  the  crest  of  a  inotintain  in  the  Tuscan 
Apennines,  there  flowed  a  clear,  cool,  and  perennial  fountain, 
miiting  tlirce  di&tinct  springs  in  a  singlu  current.  The  ancient 
beeehes  around  and  jiartJuularly  aljove  the  springs  were  felled* 
On  the  di!!api>earance  of  the  wood,  the  springs  coaaed  to  flow, 
except  in  a  thread  of  water  in  rainy  weatlier,  greatly  inferior 
in  quality  to  that  of  the  old  fountain.  The  bcet-hes  were 
ftuccccdod  by  firs,  and  as  soon  aa  they  had  grown  sufUuicutly 
to  shade  the  stiil,  the  springs  began  again  to  How,  and  they 
gradually  returned  to  their  former  abundance  and  quality .f 

This  and  the  next  preceding  ease  are  of  great  importance 
botli  m  to  tho  action  of  tlie  wood  In  maintaining  Bpringe,  and 
particularly  as  tending  to  prove  tluit  evei^i-eens  do  not  exercise 
the  desiccative  infiiience  ascnbed  to  them  in  France.  Tlie  latter 
instance  shows,  tori,  that  the  protective  influence  of  the  wood 
extends  far  below  the  surface,  for  the  quality  of  the  water  waa 
determined,  no  doubt,  by  the  deplh  from  which  it  was  drawn. 
The  slender  occasional  supply  after  the  beeches  wei-o  cut  waa 
rain-water  which  soaked  through  the  6uperi]i:ial  linmiie  and 
oozed  out  at  the  old  orifices,  carrying  tho  laete  nnd  tcmjicratura 
of  the  vegetable  S'lil  with  it ;  the  more  abundant  and  grateful 
water  which  flowed  before  the  beeches  wore  cut,  and  after  tho 
firs  were  well  grown,  came  from  a  deeper  source  and  ha<l  Itocn 
purified,  and  cooled  to  the  mean  temperature  of  tlie  locnlitj-, 
by  filtering  tliroagli  strata  of  mineral  eartlu 

"  ITeher  die  Entualdttnff  ritr  (Jeirirff^  pp.  20  et  »eqq. 
\  }ranmU  dArtt  Foretuik.    8'''  edi/ioao,  p.  493. 
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'•  The  influence  of  tbe  forest  on  Bpriiigs  "  eaya  Itummel,  "  is 
grrikingly  shown  by  an  instance  at  Ileilbronn.  The  woods  on 
the  hills  snrroimding  the  town  are  cut  in  regular  Buccessiuu 
even'  twentieth  year.  As  the  uiinuul  cutting  a|)pivach  u  cer- 
tain jK>int,  tlio  springs  yield  less  water,  some  gf  tliom  nono  at 
all;  Imt  as  the  voiins  growth  fih<»ut8  up,  thoy  flow  irore  and 
more  freely,  atid  at  length  bubble  up  again  in  all  tlicir  original 
ahnndance."  * 

Dr.  Piper  states  t!ic  followin*?  case :  "Within  almut  half  a 
mileof  my  rcsidonco  there  is  a  jx>nd  upon  wliieh  mills  have  Iwen 
standing  for  a  long  time,  dating  back,  I  believe,  to  the  first 
eettlenient  of  the  town.  These  have  been  kept  in  <!OiiPtant 
operation  until  within  «)me  twenty  or  thirty  years,  when  the 
supply  of  water  began  to  fail.  The  pond  owes  its  existence  to 
a  etreatn  that  has  itit  Boiircc  in  the  hills  which  strctcli  wnne 
mil(«  to  the  Boittli.  Witliiti  the  time  mentioned,  thetie  hills, 
which  were  clothed  with  a  dense  forest,  have  been  almoet  en- 
tirely stripi>cd  of  trees ;  and  to  the  wonder  and  loss  of  tlie  mill- 
owuers,  tlte  water  in  the  pond  has  failed,  execpt  in  the  season 
of  freshets ;  and,  what  was  never  heard  of  before,  the  stream 
itself  has  !>ocn  entirely  dry.  Within  tlic  last  ten  years  a  new 
gi"owthof  wuoJ  has  sprung  up  on  most  of  (he  land  fonnerly 
oocnpied  by  the  iJd  forest;  and  now  the  water  runs  thpongh 
tbe  year,  notwithstanding  the  great  droughts  of  the  last  few 
years,  going  back  from  1S56.'* 

Or.  Pi|)cr  qnotcs  from  a  letter  of  William  C.  Bryant  the 
following  ivmarks:  "  II,  is  a  eominon  obacrvation  thai  our  snm- 
niore  are  betxmiing  drier  and  our  streams  smaller.  Take  the 
Cnyahoga  asan  illustration.  Fifty  years  ago  lai^  halves  londi^ 
with  gootls  went  np  and  down  that  river,  and  one  of  the  ve6*el» 
engaged  in  tlio  battle  of  I^nko  Krie,  in  which  the  gallant 
Perry  was  rictorious,  was  bnilt  at  Old  Portage,  six  niilcft  north 
of  Albion,  and  floated  down  to  the  lake.  Now,  in  an  ordinary 
stage  of  the  water,  a  canoe  or  skiff  can  hardly  pass  down  the 
stream.     Many  a  l.>oat  of  fifty  tons  bnixlcn  has  been  built  and 
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Ioa^chI  in  the  Tiiscarawiui,  at  Kcw  Portagf,  wnl  ttnWed  to  Kew 
OrleaJiB  witlioiit  Iiwalving  liulk.  Now,  tiio  ri^er  liarJIy  affords 
a  supply  of  irater  at  New  Poi'tage  for  the  cauaL  The  tame 
may  be  said  of  other  streams— they  are  drring  up.  And  from 
the  same  catise — the  destruction  of  our  forests — our  summer? 
are  grtwiiig  drier  and  our  wiuters  colder."  * 

Noobsen-er  has  more  eareFuIIy  etudied  the  influence  of  the 
forest  upon  the  How  of  the  waters,  or  reasoned  more  ably  nu 
the  ascertained  phenomena,  than  Cantegril.  Tlie  facts  presented 
in  the  following  cane,  coinninni<-a(ed  by  him  to  the  Ami  den 
Sei^xcis  for  December,  l!»59,  are  afi  nearly  conclusive  ati  any 
single  iiuttance  well  can  be : 

"  In  the  territory  of  the  commune  of  Tjibniguifire  there  is 
a  forest  of  l,8cl4  hectares  [4,<)3i)  acres],  kno\m  by  tlio  nnmo  of 
the  Forest  of  ISIontant,  and  belonging  to  tliat  commune.  It 
extendi^  along  tlic  northern  f.\<>\\e  r>f  iho  Hlack  Mountains.  TIio 
t>iil  is  granitic,  the  ntaxinium  altitude  1,243  in&trcs  [4,140  fcetj, 
and  the  inolination  ranges  between  15  and  60  to  100. 

"  A  small  current  of  water,  the  bi-ootc  of  Caunan,  takea  its 
riFe  iu  this  forest,  and  receives  tlie  waters  of  two-tliirds  of  ita 
surface.  At  tlic  lower  extremity  of  tlie  wood  aud  on  the 
stream  are- several  fnlh^ries,  (•ach  rcq^uinng  a  force  of  eight 
horso-power  to  drive  the  water-wheels  which  work  the  stamp- 
ers. The  commnne  of  l^brngui^re  had  been  for  a  long  time 
famous  for  ita  opposition  to  forest  laws.  Trespasses  and  abuuea 
of  the  right  of  )>asturago  had  converted  the  wood  into  an  im- 
mcHBe  waste,  so  tliat  tliis  vast  protferty  now  scarcely  sufficed  to 
poy  the  expend  of  proteiitliig  it,  and  tofurntsh  tlio  inhabitanta 
with  a  meagre  supply  of  fuel.  While  the  forest  was  thus  ruined, 
and  the  a«>ii  thus  bared,  tlie  water,  after  cvci-y  abundant  rain, 
made  an  enifition  into  the  valley,  bringing  down  a  great  quantity 
of  pebbles  which  still  clog  the  current  of  the  Caunan.  Tlio 
TJolcnce  of  the  fl(K)ds  was  sometimes  such  that  they  were 
obliged  to  stop  tho  machinery  for  some  time.  During  the  sum- 
mer another  inconvenience  was  felt.  If  the  dry  wcatlier  con- 
*  Th4  Trem  ef  Anuriea,  pp.  CO,  01. 
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tinued  a  little  longer  than  usual,  tbe  delivcrj'  of  wat«r  became 
IiiBigniGcant.  Each  fulleiy  c'<ji)M  fur  thu  uiueit  part  only  urn- 
ploy  a  single  Ect  of  etatnpersj  and  it  was  nut  unusual  to  ecc  the 
work  t'litiruly  »itit^|teiidtNl. 

"  After  1844),  the  municipal  anthority  succeeded  in  enlight- 
ening the  population  as  to  their  true  interests.  Protected  by  a 
more  watfhf ul  sujiervifiion,  aided  by  well-managed  re^dantation, 
the  forest  has  oontinned  to  impruve  to  the  present  day.  In 
proportion  to  the  restoration  of  tlio  forest,  the  condition  of 
the  mannfactorioA  has  become  lo^  and  leee  prccai-imifl,  and  tho 
action  of  the  water  is  completely  modified.  For  example,  sud- 
den and  violent  floods,  which  formerly  made  it  necewary  to 
Btop  the  machinery,  no  lon^r  occur.  There  is  no  increaw  in 
the  delivery  nntil  six  or  eight  boors  after  tbe  beginning  of  tlie 
rain ;  tho  floods  follow  a  rcgnlar  progreeeion  till  they  reach 
their  maximutn,  and  deereflse  in  the  parne  manner.  Finally, 
the  fulleries  are  no  longer  forced  to  snspend  work  in  summer ; 
the  water  is  always  snffieiently  abundant  to  allow  tbe  employ- 
ment of  two  sets  of  stampers  at  least,  and  often  even  of  three. 

"  Tliis  example  is  remarkable  in  tliis  respctt,  lliat,  all  other 
circumstances  having  remained  the  same,  tlio  cliangca  in  the 
atttion  of  the  atream  can  be  attributed  only  to  the  re«t<iratinit 
of  the  forest— changes  which  may  be  thus  enmmed  np :  dimi- 
nution of  flood-water  during  rains — increase  of  delivery  at 
other  seasons,'* 

Becqnerel  and  other  European  writoni  adduce  nnmerona 
otlier  cases  where  tlie  destruction  of  forests  has  caused  the  dta> 
appearance  of  ppring»,  a  diminution  in  the  volume  of  riven, 
and  a  lowering  of  the  level  of  lakea,  and  in  fact,  the  evidence 
in  support  of  the  doctrine  I  have  been  maintAining  on  this 
subject  seems  to  be  as  coaclustTe  as  the  nature  of  the  case  ad> 
mitB.*  We  cannot,  it  is  true,  arrive  at  the  same  certainty  and 
pre^sioo  of  result  in  tliese  inquiries  as  in  thoee  brnncbei*  of 

*  B««,  tn  the  Bfvue  dm  Ann  tt  ForfU  tor  Apiil,  1967,  aa  article  endUad 
Ih  Finjbtmoa  im  FMtt  nr  b  lUgim*  dta  JSntc,  ud  th«  i«pen  In  fverioai 
DDtnbeii  «l  iha  MOM  joonaal  tbtnda  nfaovd  to. 
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physical  research  where  exact  quantitative  appreciation  ie  poa- 
sible,  and  we  must  content  ounwlves  with  pmbabilities  and 
approximations.  We  cannot  pueitively  nffinn  ihut  tlie  pnjcipi- 
tation  in  a  given  locality  is  increased  by  the  prijseuce,  or 
leEsened  by  tlie  deetnicticn,  of  the  forest,  and  fi*om  our  igno- 
rance of  tlie  Bubterraiiean  circulation  of  the  watere,  we  cannot 
predict,  witlx  certainty,  the  dryiiij;  up  of  a  particular  spring  aa 
a  conaeqnenoe  of  the  felling  of  the  wo(kI  which  eholtertt  it ; 
bnt  the  general  truth,  tliat  the  flow  of  8prini>«  and  tho  normal 
vohimo  of  rivers  rise  and  fall  with  the  extension  and  tlie  diminu- 
tion of  tlio  woods  where  thoy  originate  and  tlirou^li  which  they 
mn,  is  as  well  e&tablii^hed  as  any  proposition  in  tho  science  of 
phymcal  geography.* 

•  Some  fe»n  igo  ic  wm  popolarljr  bcliuT«d  that  the  Tolomo  of  the  MImI*- 
lippi,  like  that  of  tba  VcAgtL  mad  other  riven  of  tho  Erwtem  Hemifipbtire,  wm 
dbnlaiahfid  bj-  the  tncreBseiJ  cvaiwr&dcm  from  Its  bodu  and  tht  di^-In^  np  of 
the  )<[iriiie«  in  oonitii'itienoa  of  tlio  felling  of  th«  forMU  in  the  Ticltiity  uf  the 
■auiem  of  iMoMtom  aflliipnta.  The  bnatmen  at  this  groat  river  uwl  otfaw 
talfllUsoot  obaorvcrd  nov  sfworc  ns,  bowovvr,  timi  tho  mean  nod  normal  lonl 
of  tbo  Kiatdasipi)!  hM  rima  uithin  a  few  years,  and  that  Id  consoqueitCQ  the 
tfrer  Is  navigable  at  low  water  For  boats  of  gnMtiv  draught  and  at  hiKber 
poiata  in  iU  coune  than  vran  the  com  twentj-'fire  yeara  ngo. 

This  rappoaed  iniireaaa  o!  vnltimo  haa  been  attributed  hy  nome  to  the  recent 
re-wooding  of  the  pnLiri»^  btit  thA  plnntatlonfl  thiu  fi\r  made  are  not  y«t 
mfflai«nt(y  ext«naivc  Co  prodnoo  an  appreciable  effect  of  tliia  nature  -,  and 
beiddaa,  while  yotnig  trees  have  covered  aorae  of  the  pr&iriea,  the  dentmctioo  of 
the  foreat  liaa  been  ocuttlnuod  j>erhnpa  in  a  greater  pnjportion  in  other  parta  of 
the  bwdn  of  the  river.  A  more  planaible  opinion  La  that  the  anbatdtntion  itf 
ground  that  ia  cuIUvate'I,  and  conMiqaontly  apongy  and  abeorbcnt,  for  tho 
natoral  sott  of  thi:>  i>ruIrio<i,  hnn  fumlnh^  a  rMerrodz  for  the  rains  which  are 
ahaorbed  by  the  ciuth  aiid  cnrrini  gradually  bo  the  river  by  sabterraneaa  tipw, 
inatoad  of  ninning  off  rapidly  f  ram  the  mrfkne,  or.  as  is  more  probable,  instead 
of  •vapoiratiBg'  or  being  taken  op  by  the  vigorooe  berbooeoos  ngetattot  whi<A 
eoven  the  aattual  prairie. 

A  phenomenon  so  contrary  to  common  exporienoe,  ai  wonid  be  a  pormnneat 
Ineneae  in  the  watorB  of  a  ^r«tt  riv>:r,  will  not  be  aoeepted  without  the  ntoii 
ooDvindng  proofs.  The  preeent  gnuitsr  fodlity  of  nsTigntioo  may  be  attrib- 
nied  to  improvements  in  tliu  model  of  the  boatn,  to  the  removing  of  sand- 
banks and  other  impedimenti  to  tbo  flow  of  tho  waten,  or  to  the  oonflntng  of 
these  waters  in  a  mkrrower  efannnel,  by  extending  the  embankments  of  the 
river,  or  to  jet  other  caiuc«L 
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Of  the  couveree  prupoaitiou,  namely,  that  tlie  planting  of 
new  forestft  gireB  riBe  to  new  springs  and  restut-ce  the  regular 
flow  of  rivers,  I  find  less  of  pfisiiive  proof,  however  prolmble  it 
may  be  that  such  effects  would  follow.*  A  reason  for  the 
want  of  OTidcnee  on  the  subject  may  be,  that,  under  ordinary 
I'irctiin.stiiiiceA,  the  pn>ces3  of  oonvotsioii  of  bare  griMind  to  soil 
with  a  wt!l1-wou<l(td  surface  i&  so  gradual  mid  k1>>w,  and  t)iu 
time  requirod  fur  a  fair  experimont  ia  consequently  so  long, 
tliat  many  <:Iian;j;fl8  produced  by  the  action  of  the  new  geo- 
graphical element  escape  the  notice  and  the  luemt^ry  of  ordi- 

So  loiDBrkablo  a  otuuga  ooald  oot  liAve  cnoaped  Out  notioa  of  HaiBphraTa 
kiiil  Abbot,  irbOM  Buwt  ftble  labon  compriu  the  ytan  18S0-t861,  bacl  it 
(mcorretl  dnrtng  that  period  or  at  ftujr  foriner  time  wIUild  tliR  knuwlodge  of 
tho  nsAoy  obMrrsn  th«gr  ooomltad  ;  tml  tio  Kuch  fxTt  ia  noUoMl  in  tbeir  ex- 
bauKtivo  lepoit.  Htfw«rer,  «v«n  il  nu  uicrcMv  iii  Uia  volaine  ot  tbm  Htadwippl, 
for  ft  prriod  of  t^nor  twenty  jcat*,  vrtm  oftrUEn,  it  wonU  qtill  bo  pnoMan  to 
oouNiler  CIlu  inoroaae  aa  normiJ  oiul  c<>tutaat,  unoe  it  iuJ((lit  wry  wall  tw 
produced  bf  cauacs  yet  nnltDowa  niul  Aiuloitons  to  kbow  whioli  ioQuauo*  tbs 
iDj-Ktctioufl  iidTucoe  aiul  leticsl  of  thoM  Alpiiw  Joe-xivon,  tlie  glwditm,  Anioog 
soeb  cmiwes  wo  nay  aappotw  ft  lontr  series  of  rainy  Mftwnu  in  rwi^oos  wber« 
ftoportnat  tributari«s  hnxt  tliuir  fiit-off  und  nltnost  luikaowu  KiiiroM ;  and 
witb  DO  Icm  prohabiUty,  we  nuy  coaoetTe  of  the  opecin^  of  ooaaaaioatiaBi 
with  (fTvftt  subccrcftaBon  raiiTvoltx,  wbioh  mny  froui  year  to  yvftc  vaipty  lorxo 
qtuatitiM  of  wktcr  Into  the  bed  of  tho  «tnftia ;  or  the  clming'  np  of  oriflM* 
tbzoo^  wbiob  a  oouftidoiable  portion  of  the  wftlor  of  the  zivnt  unoo  mftdB  tti 
way  for  the  supply  ot  aaob  roaerrolis. — See  apoD  tbk  point,  Chapi  IV.,  0/ 
Bnbterruiunn   WaUn  ;  petU 

*  According  to  the  llcporc  nf  the  Depertniant  of  A^oalture  for  FebnuT^, 
1873,  it  IB  thooffat  tu  tlifl  Far  Wc«t  tliat  tUe  yoiuig  pUalotioat  hare  alnaily 
infloftDced  th«  wftl«r-ooatsM  is  thnt  tc^oii,  and  it  i»  alleged  thftt  iutci«nt 
riTSr-liedB,  nemr  known  to  oootoia  water  ainco  the  MtUemeul  of  Cbo  couutiy, 
have  br^n  to  dow  since  thcM  plantfttlooA  were  oomnunoed.  Bee  alaa  Hat* 
DBIt.  JitTwrt  "n  Owtoyioai  Sttneg  of  Weaning,  \&i%  p.  IM,  and  BeTAMT. 
Farmt  Tnt-*,  1871.  chap.  iv. 

In  tlio  V't/agf  itutour  du  Mon4t  of  tb«  Corato  de  Beauvoir,  obi^ii  z.,  tbia 
pinajTt  orcnn:  Dr.  SlQller,  Dic«etar  of  the  Botanie  Owden  ftt  Mftlbonnu^ 
*-  has  dictribatod  tfaioocli  tb«  totezioc  of  AustiftUa  milUocw  of  aMdUay  favea 
from  hia  nurwrica.  StnaD  riToleta  are  aoon  fonned  nnder  the  younfc  wood ; 
tin  nanlto  an  aaparb.  and  the  oba<Tvation  of  orery  MiooeaairB  yeta  coutoaa 
tbem.  On  bare  aotla  be  baa  created,  at  more  tbaa  a  baodnid  pointa,  foieata 
and  water-oounee." 
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naiy  obscrvui^  The  growth  of  a  forest,  includinj;  the  fornmtion 
of  a  thick  Btrutum  of  rentable  mould  beueatli  it,  is  tlie  wurk  uf 
a  generation,  its  dostriictioii  iimy  l)o  ocoompliabed  lu  a  day ;  niid 
henr^e,  while  the  results  of  the  one  procen  maj^  for  a  coiii^iilor- 
ahle  time,  be  donbtf  nl  if  not  imperceptible,  those  of  the  other 
are  imniediato  and  rcndily  appreciable.  Fortiniatcly,  tho  plan- 
latiou  of  a  wuod  pnxluceii  othur  buiieticial  cotisc4|iiciice9  whicli 
are  both  sooner  reulized  and  tuure-easily  estintated  ;  and  thungti 
he  who  drops  the  seed  is  i*owin^  fur  a  futm-o  jfenei-atiun  as  wl'U 
as  for  his  own,  the  plaaitor  of  a  gi\>ve  may  hojie  himself  to  reap 
a  fair  return  for  hia  expenditure  and  bis  labur. 


li^uence  of  the  Forest  on  Inundaliom  and  TorretUs. 

Inasmncli  as  it  ia  not  yet  pmvod  that  the  forests  au|^nent  or 
diminish  tho  pj-oeipitation  iu  the  rcigiona  tliey  priiu:ip.illycx>ver, 
we  cannot  positively  aftinn  tliat  their  pretietiee  or  alwence  in- 
creases or  leaseus  the  total  vohiine  of  the  water  anuimlly  do- 
livei-ed  iiv  Rreat  rivers  or  by  nionutaiii  torreuI«.  It  is  ncver- 
tliele^  certain  that  they  exercise  an  action  on  tho  disdiargc  of 
the  water  of  rain  and  biiuw  into  tlie  va11e;»,  ravines,  and  other 
depreasinns  of  the  siirfnee,  wUeitJ  it  is  gathorod  into  brocjks  and 
Anally  larger  currents,  and  consequently  induonoo  the  char- 
acter of  flfXKl*,  both  in  rivers  and  in  torrents.  For  this  rea*>n, 
river  inundations  and  tlic  devastations  of  torronts,  and  the 
geo^raphiual  efrc<:tfi  i-esnltiiig  from  tlwm,  so  far  as  llioy  are 
occasioJiod  or  nnHlifiitd  liy  theaiilion  of  forests  or  of  the  destruc- 
tion of  the  woods,  may  properly  Iw  discussed  In  this  clia}>ter, 
though  they  might  seem  otherwise  to  belong  more  appropn- 
Ately  to  another  division  of  this  work. 

Besides  the  climatic  (pioition,  which  I  have  already  snffiui- 
cutly  diseiu<«ed,  and  the  obvioos  inconvcniencca  of  a  scanty 
supply  of  charcoal,  of  fuel,  and  uf  tinilmr  for  arebitcetiiral  and 
mival  construction  and  for  the  thousand  other  udes  to  whii:h 
wood  is  applied  in  rural  and  domestic  economy,  aud  in  tho 
Tftrious  indiiatrlal  proc^esMS  of  civilised  life,  the  attcntiou  of 
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European  for&ilen  and  public  euonomi&u  lias  been  epeciallj' 
drawn  t»  three  poiu3,  namely :  the  iuflucace  of  the  foredU  on 
the  permanence  and  regular  flow  of  sprinj^  or  uatuiul  fonn- 
taius;  on  inuudatiuiis  hy  Uie  oversow  of  rivciii;  and  on  tlie 
abniKion  of  soil  and  the  transportation  of  earth,  gravel,  pebbles, 
and  eren  of  coiLSiderable  masses  of  rock,  from  higher  to  lower 
levelfi,  by  torrents.  There  are,  however,  tx)uuci:ied  with  tliia 
funeral  subject,  sevei-al  other  topics  of  minor  or  strictly  local 
interest,  or  of  more  uneertaiu  charncter,  which  I  eliall  have 
occasion  more  fully  to  speak  tif  hereafter. 

The  first  of  theee  three  principal  subjects — the  influence  of 
the  M'oods  on  spring  and  other  living  waters — has  been 
already  considered ;  and  if  the  facts  stated  in  that  discussion  ore 
welt  established,  and  the  conclusions  I  have  drawn  from  them 
are  logically  sound,  it  would  scenx  to  follow,  as  a  necessary 
coi-ollar}',  chat  the  action  of  the  forest  is  as  important  in  dimin- 
ishiug  tJio  frequency  and  violence  of  river-floods  as  in  fiocuring 
the  permancnoe  and  cipiability  of  naliind  fountains ;  fur  any 
cause  which  promotes  the  aljsorption  nnd  accnmulation  of  tite 
water  of  precipitation  by  the  suj)0rficia]  strata  uf  the  soil,  to  be 
slowly  given  out  by  infiltration  and  percolation,  must,  by  pro- 
veiitin;;  the  rapid  flow  of  surface-water  intothe  natural  channels 
of  drainage,  tend  to  check  the  suddeu  rise  of  rivers,  and,  ecu- 
soqucntly,  the  overflow  of  their  banks,  which  constitutes  what 
is  called  luundatiau. 

The  snr&ioo  of  a  forest,  in  its  natural  eondidon,  can  never 
I>onr  forth  »uch  dolngcit  of  water  as  How  from  cultivated  BoiL 
Humus,  or  vc^tablc  mould.  Is  capable  of  absorbing  almost 
twiue  itK  own  weight  of  water.  The  soil  in  u  forest  of  decid- 
uous foliage  is  coin[N>)ted  of  humuH,  more  or  Ie»is  nnmixed,  to 
the  depth  of  sevend  inches,  Bometitnes  even  of  feet,  and  thia 
stratum  is  osoally  able  to  imbibe  all  the  water  possibly  rosolt- 
inj;;  fnim  the  snow  which  at  any  one  time  oovere,  or  the  raiu 
whicii  in  any  one  sh'iwcr  fall*  up<in,  it.  But  the  ve^ahle 
mould  does  not  cease  to  absorb  water  when  it  becomes  satu- 
rited,  for  it  then  gives  off  a  portion  of  its  moistnre  to  the  mill- 
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eral  eartli  below,  aud  thus  ia  ready  to  receive  a  new  snpply; 
and,  besides,  the  bed  of  leaves  not  yet  converted  to  mould  takes 
nil  and  retains  a  very  ccnsiderablc  proportion  of  snow-water,  as 
well  as  of  rain. 

The  fitoms  of  trwa,  too,  and  of  underwood,  the  trunks  and 
Btnmjw  and  i*oots  of  fallen  timber,  the  inoBses  aud  fungi  and  the 
unmerous  iuctinalitics  of  tiio  ground  observed  in  all  foreats, 
op]-Hj3e  a  nieeUanitail  resistunce  to  tlio  flow  of  water  over  the 
Burfiife,  which  seiisihly  retjirds  the  rapidity  of  its  deduenl  down 
declivities,  aud  diverts  and  divides  streams  whirh  may  Iiavo 
alrcadv  accumulated  from  smaller  threads  tif  water.* 


*  la  ft  Utter  addreiMd  to  the  Mlai«tfit  of  Tublic  Works,  af  ur  tiie  lurriUo 
InoDilaLiotw  of  Itj*i7,  th«  tatu  Euipurur  of  Knuioc  thiu  luppU;  exprevMKt  him* 
self:  "Before  wo  aeclc  tlie  remedy-  for  &ii  «tU,  we  uik|aira  into  iu  aaime. 
Vulieiux!  oome  tha  miililea  QooiIb  of  oar  riruni?  From  the  water  which  tall» 
on  the  moiiutalna,  nxK  from  that  which  falls  on  ttie  pUins.  The  vrateri  wbiob 
Uii  on  our  fleIdH  produce  btit  few  rivututa,  but  thorn  which  foil  on  our  roofi 
and  ue  ooUeoted  In.  the  gnttont,  form  uoaU  itceAnu  »t  once.  >'ow,  the  roofa 
nra  uounUilnM— the  ^ttcni  are  vftUejrs." 

"To  iKtntlnee  the  coinpoiuon,"  obwirrefl  D'II6rioourt,  "roofd  kto  noooth 
Kill  inipirmcuMo,  and  Lhu  miii-watirr  poara  m|ndly  off  from  tholr  rarfftces; 
but  thlji  mpidltj  of  flow  would  be  groAtly  dimtuiabed  if  the  twitt  wore  oarpetod 
witli  nuMSM  and  grumes;  moru  bUU,  if  tho;  were  ooveied  with  dt/  leavea, 
little  •bmbii,  wLrcwn  l>r.Lnche«,  nnd  other  iui|>odimenU — in  short,  if  they  were 
wooded." — AHtuilt»  FvreMtierei,  Dec  1S57,  p.  811. 

The  nioeiiM  and  fungi  play  a  more  Important  part  in  regulating  the  humid- 
ity of  the  air  and  of  the  soU  thnn  writers  on  the  forest  liaro  usually  anigued 
to  them.  They  iMiiish  with  the  troee  lli«y  grow  on  ;  but.  in  many  sitaatiana, 
natiin  pivvUlca  a  coinpeantiOD  for  the  troe-nooBoa  and  fungi  is  groond 
■fwdaa,  which,  on  cold  wrib,  espeoially  thoaa  with  a  nortbetn  expoeon,  wfoiag 
np  atiundftnUy  both  bcfure  the  woods  am  foiled,  nnd  when  the  land  la  oleand 
and  "mployed  for  paetursgc.  or  dcscrtt^.  Tbeae  bumble  plants  diivbargv  a 
portioD  of  the  functiuua  np[>iopriated  to  tho  wood,  and  while  they  mttilfir  the 
Mdlof  ImpTOTodlnndnninch  IcMfit  fomgricnllnral  aae,  they,  attheaametiute, 
pntparv  it  for  tbc  growth  of  u  iii.'W  harvvat  of  Urns,  whun  the  infertxlicy  tboy 
prodnce  ahall  have  driven  man  to  abandon  ft  and  anffcr  it  bo  rclnpeo  Into  the 
han<ls  of  nature. 

Tn  primitive  forota,  when  tlie  gronnd  h  not  too  niolat  to  admit  of  a  denaa 
growth  ot  troea,  the  anil  ia  generally  ao  thickly  oovcred  with  Icarea  thia  tbete 
U  little  loom  for  ground  mnaaee  and  mnaiirooms.  In  the  more  open  nrtifldll 
wOoda  of  Europe  thane  forms  of  regtitatiou,  as  wull  ua  many  more  attractive 
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The  value  of  the  forest  as  a  niieuliauictU  check  to  a  too  rapid 
discharge  of  rain-water  was  exempVitied  in  numeroud  instances 
in  the  great  flooda  of  ISGG  and  18(!S,  in  Fraiiue  and  Switzerland, 
and  I  refer  to  the  obaorvationa  made  on  those  occasioiia  ae  of 
fipecial  inip<>rtanco  because  no  previous  inundations  in  tlio<so 
countries  liad  been  so  carefnUv  watc^ied  and  B4>  well  desttribod 
hy  foiiipotent  irivestigat^Ji-s.  In  tlie  Iwien^h  Dejiarttiient  of 
loz&re,  which  M'as  among  thofte  most  severely  injured  by  the 
inondation  of  1806 — an  iuuudatiou  caused  by  dltuvial  rains, 
not  by  melted  snow — it  was  every  w^iere  i-einarked  that  "grounda 
covered  with  wood  sustained  uo  danii^iiG  ovou  on  the  steepest 
blopQH,  while  in  cleai'o«l  and  eultivuled  tielils  the  very  suil 
was  washed  away  and  the  rocks  laid   bare   by  the  jionring 


»  • 


ram. 

The  Italian  journals  of  the  day  state  that  the  province  of 
Brescia  and  a  part  of  that  of  IJcr<;juuo,  which  have  heretofore 
been  exposed  to  enonnotis  injury,  after  every  heavy  i-aiti,  from 
flood*  of  the  fonr  principal  streams  whidi  traverse  them,  in  a 
^reat  degree  escaped  damage  in  the  terrible  iuniidittiun  of  Oc- 
tul>er,  1S~2,  and  their  imiuuuity  is  ascribed  tu  the  foix»tal  iui- 
prorements  executed  by  the  former  province,  within  ten  or 
twelve  years,  in  the  Val  Caniouica  and  in  the  upper  basins  of 
the  other  rivers  which  drain  that  territory.  Similar  facte  were 
noticed  in  the  cxtnMmliiuiry  iloods  of  Seplcniber  and  October, 
1668,  in  the  valley  of  tlie  Upper  iUiiiie,  and  Cuaz  makes  the 
interesting  observation  that  not  even  dense  gi-eeueward  was 
BO  efllcient  a  protection  to  the  earth  as  trees,  because   the 


plaulA,  un  more  frequent  than  in  the  naLlvegroTM  of  Amftriea.  Boo,  oo  oijrp- 
togaEoio  aad  oUioi  wood  piMntt,  Bomm*MLKB,  J)tr  Wakt,  pj^SZU  My«.,  and 
on  Um  inportatioe  of  mch  TeBetablea  in  ohoddng  tJie  flow  of  wator,  'Xusoortt, 
Jdratiliea  Fitiea  «  SperinuntaU,  otukpten  xvL  iukI  xrii.  No  wrfl«r  knoru  to 
nut  hMi  ao  wall  fllurtratod  tliu  fnnctkn  of  f areat  veiretALian  u  M«)p>ttJ.  Uwi^ 
liotTi  h«  utd  BoHnnSMWr  Mcribe  bo  plaotJi  a  power  of  ali*oibing  yrmUei  from 
the  fttouMphete  which  thejr  do  not  poasMs,  or  nttber  can  ouljr  nuvl;  exer- 
das. 

*  Saa.  for  oUter  lika  obaanrationa,  an  attlola  entitled  I^  Iit6ei*emaU  et  Ua 
iMMMtau,  in  d)0  Bews  det  &tux  <t  FvrtU  of  SeplemUi.  ldC& 
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water  soaked  through  the  Bod  and  burst  it  up  by  hydrostatic 

Tlio  tin  porta  lice  of  the  mechanical  resistance  of  the  wood  to 
the  flow*  of  water  over  ike  surfacd  has,  however,  been  exagge- 
rated by  some  writers.  Raiu>water  ia  gcueiidly  abaurbed  by 
the  forestrsoil  aa  fast  as  it  falU,  and  it  is  ouly  hi  extreme  cases 
tluit  it  gathers  itself  into  a  sujtortieial  sheet  or  current  ovcrtlou'- 
Uig  the  ground.  Tliere  is,  iieverthele&8,  besides  the  absorbent 
power  of  the  soil,  a  very  C(^>n*iiierable  inechanical  resistance  to 
the  transmission  of  wjiter  beneath  the  surface  thruuj^h  and 
alcii<;  the  snperiur  strata  of  the  ground.  This  reait»tance  is 
exerted  by  tlie  roots,  which  both  convey  the  water  along  their 
Burfaoe  downwanlri,  and  oppose  a  closely  wattled  barrier  to  iU 
descent  along  the  slope  of  the  permeable  strata  which  have 
absorbed  it.t 


•  JXe  Jiochvuuter  in  1808  m  BUndiifritehw  BJumgthia,  pp.  13.  88. 

ObwrratioDs  of  Fureter,  cited  by  CitMtmt  tima  the  Amiale*  Fi/7v^re»  tor 
1809,  p.  SS8,  ue  not  less  impoztutt  than  tliCM  Mddogod  ia  lb*  iazt.  Tho 
fidd  of  Ch«n  olaerrutionH  wim  a  ilope  of  4A'  divided  into  thna  asoUnaa,  cna 
luxnrlantly  vooded  trom  lutomtt  to  baas  witb  oak  uid  beecb,  one  oomplotely 
oloarad  tbroii^  ita  wholo  astaiit,  and  one  oleueJ  in  itn  appitr  iiurtiun,  but  n- 
(aioliift  a  wooded  b«lt  for  a  q,Ban«r  of  tlw  lidfftit  of  the  aloiw,  which  wok  from 
1,800  to  l,eOO  feet  above  the  brook  at  ita  foot. 

In  the  lint  a«ccion,  oompEWnf  ■ix-MTentba  of  tb«  whole  surface,  th«  ndna 
had  Dot  i»rodui»}d  a  aiDglo  mrlne  {  Id  Uw  aeoond,  oocupjius  about  a  tenth  of  the 
fiouxul,  wan  thrae  nvlnca.  Inczeadtiff  ht  width  from  the  munmtt  to  the 
TuIle;' bonoath,  where  thfff  hnd,  all  toiKSther,  aoroM-Motlauot  600aqiia»(«vt ; 
1b  the  third  MCtioo,  of  about  th«  oamft  extant  aa  Uio  Moond,  f  oot  rarlnea  hod 
been  formed,  widening  bom  the  onst  of  tho  alopa  tO'the  bdt  of  wood,  wh«r« 
thax  gradoaUj  nairowed  aod  fiaall;  diuppcorod. 

tor  important  otMDrrationa  to  the  satna  {mrpoaa,  mto  UARcnAND,  Lm  7Vr- 
rmU  df*  Aifft,  fn  JUkV4  4m  Eauat  H  F«rU»  for  Uaptetnbor,  1^71. 

t  III  a  Talualile  ruiwrt  lui  a  bill  for  cumpulling  Ihe  Bala  of  wante  oonuottual 
lands,  now  pondiniF  ^  *he  Parliament  of  Italy,  Banator  TofelU,  an  aotiDeol 
mao  of  wieDoa,  caloalatea  that  four-fiflhaof  tha  ptnoipitatiaa  in  tha  taraai  an 
ahaorbad  by  t^  >oU,  or  detained  fagr  Iba  obatraefeioiw  of  Gha  aortaoa,  only  oii»- 
Afth  buiiv  delivered  to  the  riTtra  ra)udly  enough  to  oreate  dangoc  of  Booda, 
whila  in  op«n  frouoda,  in  beary  raina,  the  prDportions  are  renmed.  Snppoa- 
Ing  a  rain-tall  of  fuuz  inchut,  an  aroa  mixuntitv  100,000  aocea,  or  a  Uttla  own 


236 


OATTSBS  OF  mtrmtATIONS. 


Rivers  fed  bjr  springs  and  shaded  by  wootis  are  comparatively 
tiniforiii  in  voliitne,  in  tein|«nituro,  and  in  cliemiuil  c»nipi>- 
eitioii.*  Tlieir  banks  are  little  nbraded,  nor  are  tlicir  conrseB 
much  obstructed  by  falbn  timber,  or  by  earth  and  gravel 
washed  down  from  the  highlands.  Their  channela  are  subjeot 
only  to  (tlow  and  gradual  changes,  and  they  carry  down  to  the 
lakes  mid  the  sea  no  necTimulatiou  of  saud  or  silt  to  fill  up  their 
outlets,  and,  by  raising  their  beds,  to  forco  them  to  spread  over 
the  low  grounds  near  their  mouth.t 

Oausef  of  jHundutions. 

The  immediate  cause  of  river  innndattons  ia  tho  flow  of 
Buperficial  and  Bubtorranoan  waters  into  the  beds  of  rivere  fas- 
ter than  thofte  channela  can  discharge  them.  Tho  insnffieieney 
of  tlie  channels  U  occasioned  partly  l>y  their  narron'oce^  and 
partly  by  obatractious  to  their  current^}  llie  most  frequent  of 

Uum  four  AmericBD  towuiliipa,  vroold  receive  K).777,777  culiio  j-ards  of  wMter. 
Of  this  iiunBtitjr  it  woold  ntoin,  or  latber  douia,  if  wooHetl,  41,000,000 ynnb; 
if  bue,  ooly  11,000,000.  Tbe  diffcrcDM  of  diHchkrso  from  wooded  and  on* 
wooded  boIb  is  perhaps  exanp^mtcd  in  Co).  TorelU'a  report,  bnt  thare  ia  oo 
doubt  that  in  verr  many  caMm  it  is  gitst  enough  to  preTCnt,  tjft  to  caase,  de- 
stiuciive  inundation  a. 

*  Doinoot  fives  ah  iiit«re»ling  extract  bom  the  Hbopogoo  of  the  Enipci«r 
Jnlisa.  BhowiofT  that,  in  tbe  fourth  oeutury,  tho  Sfiiae — tbe  lavd  of  whtoh 
now  Tories  to  the  extent  of  thirty  foet  between  extreme  high  and  extreme  low 
water  marlc — won  almost  wholly  exniopt  from  tnimdatioiis,  and  flowed  with  a 
Quifunti  onrrent  through  the  whole  year.  **  Eg^o  olba  eram  in  hihorala  a)>ad 
o«ram  Lutetiam,  {aioj  euim  Ualli  fajiaioinuo  oiipidam  appoUanC,  qua  itumla 
Mt  noa  tnagiia,  in  flario  nta,  qui  earn  omni  ex  parte  oiaglt.  Poal«a  «a>)lioiJ 
ntriaqiu  ad  earn  fenmt,  nudqao  fluvioa  niinnitar  ao  oresdt ;  sed  (^uaUs  swlat«T 
tolls  «aae  aolet  hyeme." — D«»  IVvtiMiwr  PitAUet  dans  kur  Bapport*  aeae  tAi/H- 
tfvttttfw,  p.  3S1,  note. 

A«  Julian  was  Btx  ye*rs  tn  Oanl,  and  his  principal  mridonoe  was  at  Paris, 
hla  t«sUiiioiv  as  to  t&a  babitital  oonditioa  of  the  Seuw,  at  a  period  when  tha 
prortooea  wb«M  its  soaioea  orifinata  were  well  wood«d,  is  voiy  valnaUa. 

f  Foreat  rivers  seldota  if  ever  form  lorgs  ndinisntaiy  depoeitB  at  their 
poinU  of  disotuu){«  hibo  lakes  or  lai^r  Mtrctams,  mob  aeonroalaLiona  be^naJngi 
or  at  loost  advaooing'  fax  more  rapidly,  after  th«  valleys  are  deaisd. 
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wliich  is  tho  deposit  uf  sand,  gravel,  and  pebbles  in  their  beds 
bv  torrential  tributaries  duniig  tbe  floods.* 

Ill  accordance  with  the  usniil  ccronoiuy  of  natnre,  we  bIiohM 
presimio  that  elie  had  evervwhere  provide<l  the  means  of  dis- 
diarging.  withuut  disturbance  of  her  general  arraiigetnentij  or 
abuoniial  deetnietion  of  her  products,  tho  precipitation  which 
ehe  fihedd  upon  the  face  of  the  earth.  Observation  confirms  this 
presumption,  at  least  in  the  oountriea  to  which  I  confine  my 
inquiries;  for,  so  far  as  we  know  tho  primitive  conditions  of 
the  regions  brought  onder  hnman  occnjiation  within  tlic  hibtori- 
cal  period,  it  ftppeare  tlrnt  the  overflow  of  river-lanks  was  iniic!i 
less  iEreqnent  and  destructive  than  at  the  present  day,  or,  at 
least,  that  rivers  rose  and  fell  less  suddenly,  before  man  had  re- 
moved the  natural  checks  to  the  too  rapid  drainage  of  the  basius 
in  which  their  tributaries  originate.  Tlie  affluents  of  rivers 
draining  wooded  basins  generally  lrAnsi>or1,  and  of  course  lot 
fall,  little  or  no  sediment,  and  hence  in  such  r^iona  the 
special  obstruction  to  the  carrcuts  of  wator^oaraefl  to  which  I 


*  T&s  «xtenb  of  tho  oroiflow  mid  thfi  rloleaoe  of  the  carrcnt  in  riT«r-8ooda 
are  musb  affected  hy  the  »moitiit  of  «e(Iint«ntarjr  matter  I«t  foil  fa  their  chin* 
neli  \v  their  affloenta,  which  bare  nsunlly  a  Hmf  ter  flow  ttaikn  the  main  stxwm, 
sad  ootiM^iut'.uLty  rlntKwit  mura  or  ItwH  of  thetr  txaiiiqparted  naterial  wheo  thc^ 
}otn  ItA  more  ftlowlj-mortnff  waters.  Snch  (toponta  txnistitnte  banleni  whtoh 
ak  fint  chF«k  tbo  ciuT«nt  and  niae  ita  levnl.  aod  of  ooiine  its  rkileiioe  afe 
Imrer  point*  is  aasnieDteil.  both  hy  inonwKd  Tolnmo  oim]  bj  the  aolid  material 
it  oanriea  with  it,  when  it  aoqalrea  torco  aooogh  to  Bveep  away  the  otwcnia* 
tion. — B18LRH,  Sur  rJnJItniMUi  da  ForiU  attr  im  eonn  if  mu,  in  Rcr*i«  det 
Bavx  a  FariU,  10th  Jvmaay,  Ib'O. 

In  the  flood  of  18S8  the  torrent  IIlf(nben,  which  had  f  onnorif  spraad  its 
wat«i  and  its  eodimatit  oYer  the  miface  of  a  vaat  oooe  of  dejoclion,  baring 
been  Coroed,  by  the  injndicioaii  nuflnement  of  its  cnmmt  Lo  a  aia^e  channnl, 
to  dieehargD  ItMlf  more  dlreotJy  into  tb«  Ubon'<,  curiMi  down  a  qoantl^  of 
grarel,  sand,  and  mud,  miflcient  to  dam  UiiU,  river  tor  a  whole  hour,  andia 
tfa«  MUDO  great  Innndadon  the  Aow  of  the  Bhtne  at  Thiub  was  oomplchdy 
QiXMted  for  twenty  tiiiuutes  bjr  a  tiniilar  dieobarge  Eram  Ilia  NoUa.  Of  oouaa* 
when  the  dam  yielded  to  the  pnenue  of  the  aocumnlatod  water,  the  darpage 
to  Uie  country  below  wan  fat  (prealer  than  it  would  have  been  had  tho  oomuta 
of  thedven  not  been  thoa  obatmrted.— Mahcuahd,  £«  TurratU  de»  A^^ 
in  JiMtti  4«t  JSaw  «t  i\«^t«,  Sept,,  1871. 
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hAve  jiKt  alluded  does  not  octmr.  Tlie  hanks  of  tlie  rivers  and 
smaller  streams  in  the  North  American  colonies  were  formeriy 
little  abraded  by  the  cnrrents.*  Even  now  the  treoB  come  downi 
aluiost  to  the  water's  edge  along  the  rivers,  in  the  lar|2:er  forosta 
nf  tile  United  States,  and  the  surface  of  the  streams  seems 
liable  to  no  great  change  in  level  or  in  rapiditr  of  current-t 


*  Xb  primitiTil  oonntrioa,  mnnmg'  atniams  an  rery  genenUf  fringed  faj 
grorea,  for  almont  ewij  river  U,  m  Pliny.  iTuf.  JIUt.,  v.  10,  Bays  of  Um 
Ujiper  Nil«,  an  op\fex  nlMrvm,  or,  to  um  Lho  quBiab  and  piotiireaque  langiuga 
of  Holluul'ii  InuiaUtion,  "makM  hhotde  of  woods  aa  he  goetK" 

f  A  rnluabls  memoir  by  O.  Doni,  in  the  ItiruiUt  Puretltila  for  October,  1W1, 
jK  438,  ia  one  of  the  bevt  lUaKtrmdonn  f  <mn  cite  of  tlis  inSaettM  of  foKVto  io 
re$iil«tln|f  and  a^naltring  tb«  Hvir  of  runmng-  water,  and  of  the  oompAotiTe 
hHIm)  of  water-oouneA  whiob  dndn  wooilcd  valicya  and  rallejrm  bnred  of 
tre«f!,  with  regard  to  the  erosioD  of  their  bonka  imd  tbo  truuipaitAtioii  of 
■Mllment. 

"  Tb»  SMb^o,"  nawki  tUs  writer,  "sad  the  Limn.  «x«  two oaiwklanble 
tomnt*  whlah  oollect  tha  waterft  of  two  gnat  valley  of  th«  Ttucan  ApeoaiflM, 
aad  emptj  theni  into  th«  Scrchia  At  the  joDCtiati  of  tbeoa  two  torrents, 
from  which  point  ihe  oombinod  cttmnt  takes  tho  onme  of  Lima,  a  eari* 
oaa  phouomeaon  is  obsoivcd,  which  in  in  part  eaaOy  explained.  In  nlay 
weather  the  waten  oS  the  8rabajonc  are  in  Tolntoe  oalf  about  oo«'half  those 
of  Ilia  Lima,  and  while  the  onrrent  of  the  Lima  ia  turbid  and  muddj,  that  of 
tho  Beetajonc  appeani  Hmptd  and  I  might  almoot  any  drinkable.  In  door 
weatiier,  on  tha  oonlnuy,  the  waLcra  of  tlia  Saatajooa  ace  abundant  and  abont 
double  tboM  of  the  Lima.  Now  tho  exivnt  of  the  two  vallej*  ia  cearl)-  ei]aa], 
but  the  Beatnjane  wiodA  down  between  banlu  clothed  with  fim  and  beeefaea, 
wfaHe  ihe  Lima  flowa  tbrongb  a  rnlle;  that  haa  been  atriiiped  of  trMa,  and  tn 
great  part  brought  under  ooltiraeian.'' 

The  Bentajone  and  the  Linu  ate  neither  of  than  what  is  technJanlly  temiad 
a  lomnt — a  name  otrioUjr  applicable  oolj  to  atreana  wbose  oarrent  it  nob 
derived  from  ipringa  and  penuinial,  bat  ia  the  temparary  effeoi  of  a  mdden 
aoonmnlatioD  of  water  Cfom  heavy  rolna  or  from  a  rapid  nMltin(  of  the  anotra, 
while  their  beda  are  dij,  or  nearly  no,  at  other  times.  The  Lima,  howerer,  tn  a 
large  proporaon  of  its  ooniw,  ba«  the  erosive  character  of  a  torrent,  for  the 
omoaiit  of  wdimeat  wblob  it  cnrriea  down,  even  when  it  ta  only  modetatdj 
■woOon  by  roiaa,  aofpaoBW  olmoet  ereiTthnig  of  the  kind  which  I  have  obMrr- 
edi  ander  analnffoan  drcamstanaea,  in  Italy. 

8til)  more  striking  ia  the  contraat  in  the  rigmf  of  the  Stunt-PbLales  and  the 
Coinbe-d*Yenw)  in  the  Department  of  VamidiMe,  the  latter  of  which  benome 
enbjeel  b>  the  moat  violent  torrential  flooda  after  the  deaCraction  of  the  wood* 
of  its  basin  between  183S  and  18S3,  bat  haa  now  bean  oompletely  snhdned,  and 
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/nujuiations  in  Winter. 

In  the  Northern  United  Stabee,  although  inundations  are  not 
very  nnfrecinontly  produced  by  heavy  nuns  in  the  height  of  snm- 
nier,  it  will  \ni  found  generally  trne  that  the  moat  rapid  rieo  of 
t!ie  waters,  mid, of  elln^ftt^  the  ni<«t  destnictivo  **  fi-CBhet^,"  as  they 
are  called  in  America,  are  occasioned  by  the  sndden  diasulution 
of  the  snow  before  the  open  ^rt'iind  i*  thawed  in  the  epriuy. 
It  fretiueiitly  hapi^>eiiB  that  a  powerfid  thaw  sets  in  after  a  loii^ 
period  of  frmt,  and  the  snow  which  had  been  nioiitlus  in  accn- 
ninlnting  is  dissolved  and  carried  off  in  a  few  houn*.  AVhen 
the  Biiow  is  deep,  it,  to  use  a  ]io]>iUar  cxprewjion,  *'  takes  the 
frost  oat  of  the  ground ''  in  the  woods,  and,  if  it  lies  long 
enongh,  in  the  fields  also.  But  the  licfirlegt  biiowb  nmially  fall 
after  midwinter,  and  are  snocceded  by  warm  ruins  or  eiinshine, 
which  dii^Aolve  the  snnw  on  the  cleared  land  l)ofore  it  has  bad 
time  to  act  npnn  tlio  frost-bound  soil  beneath  it.  In  tluB  case, 
the  Bn(»w  in  tlie  woods  ia  alworbed  as  fast  as  it  melts,  by  tlio 
fuiil  it  lias  protected  from  freciting,  and  does  n^it  materially  con- 
tribute to  swell  the  eniTont  of  the  rivers.  If  the  mild  weather, 
in  which  great  enow-fitonuB  usnally  occur,  doea  not  continne 
and  become  a  regular  thaw,  it  h  almost  dure  to  be  fulUm'cd  by 
drifting  winds,  and  the  ineqnality  with  which  tliey  distribute 
t]ie  snnw  over  the  cleared  gi-omid  leaves  tlio  ridges  of  the  surface- 
Btiil  eom])arativoly  bare,  while  the  depreseiona  arc  often  fiUed 
with  drifts  to  the  height  of  many  feet.  The  knolls  become 
frozen  t^j  a  great  depUi ;  succeeding  partial  thaws  melt  tlio  sur- 
faoemnow,  and  the  ^\-ater  runs  down  into  tho  fnri-owa  of 
ploughed  fields,  and  other  artificial  and  natural  hollows,  and 
then  often  froew*  to  willd  !<«.  In  this  state  of  thingji,  almost 
tho  entire  surface  of  the  cleared  land  is  impervions  to  water, 
and  from  tlioahsonco  of  trees  and  tho  gcnei-al  smoothness  of 

it«  wtAen  broairbt  to  a  peMsfol  Qov.  by  rsplaiiting>  Its  nllej.    S«e  Labcs- 
eiiUR,  JiffU*  Agrie.  a  Forvitiin  di  Provenct,  18M,  and  Amw«  da*  Kara  «f 
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tbe  ground,  it  offore  little  niecliaiiical  roBietanco  to  ftii2>eriici&l 
uurreute.  If,  under  thcee  eirc'UiiiBtmicc0,  warm  weather  accom- 
panied by  rain  occurs,  die  rain  and  melted  snow  ai-o  swiftly 
hurried  tu  tlie  bottom  of  the  valleys  and  gntlicred  tu  raging 
torrents. 

It  ought  furtlier  to  be  considered  that,  thongh  the  lighter 
plonghed  soils  readily  imbibe  a  great  deal  of  water,  yet  graaa* 
lands,  and  all  the  heavy  and  teuacionii  earths,  absorb  it  in 
much  stnaller  qimntitic&,  and  less  rapidly  than  the  vegetable 
mould  of  the  foi-est.  Pasture,  meadow,  and  elaycy  eoiU, 
taken  together,  greatly  predominate  over  saudy  ploughed  fiolds, 
in  all  larjre  agricultural  districts,  and  hoiice,  even  if,  in  the  ca^; 
we  are  euppoeing,  tlio  open  ground  chance  to  have  been  thawed 
before  the  melting  of  the  auow  which  corcra  it,  it  ia  already 
SHtiimted  with  inoi^turc,  or  very  fioon  becomes  fto.  and,  of  course, 
cannot  relieve  the  pressure  by  abeorbing  more  water.  The  eon- 
sequonee  i»  that  the  face  of  the  country  is  guddeuly  flooded 
with  a  i|uaiitily  of  melted  snow  and  rain  oquivaltnt  lo  a  fall  of 
six  or  eight  iuchea  of  tlie  latter,  or  even  mure.  Thie  runs  uu- 
obitracted  to  rivers  often  Btill-bound  with  thick  toe,  and  time 
inundations  of  a  fearfully  devastating  character  are  priKlneed. 
The  ice  bm-sts,  frcni  tlie  hydrostatic  jiressure  from  below,  or  is 
violently  torn  np  by  the  current,  and  is  Bwcpt  by  the  impotu- 
ons  Btream,  in  large  masses  and  Mith  re^tisllees  fury,  against 
banks,  bridges,  dame,  and  millfi  erected  near  them.  The  bark 
of  tbe  trees  along  the  rivcre  is  often  abraded,  at  a  height 
of  many  feet  alj<jvo  the  ordinary'  water-level,  by  cakes  of  fhtai- 
ing  ice,  which  are  at  last  sti'aiidod  by  the  receding  floud  on 
meadow  or  ploughland,  to  delay,  by  their  chilling  inAuonce,  the 
advent  of  the  tardy  spring. 

Another  important  effect  of  the  removal  of  tbe  forest  shelter 
in  cold  climates  may  be  noticed  here.  Wo  have  olwerved  that 
the  ground  in  the  woods  either  d<x«  not  freeze  at  alt,  or  tliat  if 
frozen  it  is  thawed  by  the  first  considerable  snow-fall  On  the 
contrary,  the  open  ground  li  usually  frt^zcn  when  the  firet 
spring  freshet  occurs,  but  is  sot»n  thawed  !iy  the  warm  rain 
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and  melting  snow.  Xothiiif;  more  cffc-^-ttmlty  diaiotcgratua  a 
CH>he6ive  soil  tliaii  firczitig  mid  tbaw'ing,  and  the  siirfatHi  of 
cai-th  wliieh  has  juet  imdorgone  those  proceseoa  is  more  subject 
to  erosion  byrtiimiiig  water  than  under  any  other  circnraslaiices. 
Hence  more  vegetable  mould  ie  washed  away  from  eultirated 
grounds  in  such  cli  mates  by  the  spring  floods  than  by  the  heaviest 
rain  at  other  scafitJiia. 

In  the  warm  eliniatcs  of  Sonthcrn  Earojxi,  as  I  have  a!rea<Iy 
eaid,  the  fnnctioris  of  the  forest,  so  far  a.s  tlte  dis[»)aal  of  the 
water  of  precipitation  is  concerned,  arc  c&soiitialty  the  same  at 
all  seasons,  and  are  analogous  to  those  which  it  porforiiut  in  tlio 
Northorn  Uiiiled  Slates  in  Piimnier.  Henro,  in  the  fanner 
countnes,  the  winter  ftoods  liave  not  the  characteri-^tios  whidi 
mark  thera  in  the  latter,  nor  is  tbe  conaon'ati%'e  inflnctioc  of 
the  wo^kIs  ill  winter  relatively  90  im]K>rtautj  though  it  is  e<jually 
un(|uestionablo. 

If  the  enramer  floods  In  the  United  States  are  attended  xvith 
less  pecaniary  damajiie  than  those  of  the  i^nve  antl  other  rivere 
of  France,  the  Vo  and  its  tributaries  in  Italy,  the  i'lnime  a:id 
hor  sister  torrents  which  devastate  the  valleys  of  Switzerland, 
it  is  partly  because  the  banks  of  American  rivurs  are  not  yet 
lined  with  towns,  tlieir  shores  and  the  bottoms  which  skirt  them 
itot  yet  covered  with  imppovenienta  whose  cost  is  eoniitwi  liy 
millions,  and,  tronseQoently,  a  emailer  amount  of  property  is  ex- 
posed to  injury  by  inundation.  Cot  the  comjiarative  exemp- 
tion of  the  American  people  from  the  terrible  calamities  which 
the  overflow  of  rivers  Iiilb  bronght  on  some  of  tho  fairest  j)or- 
tions  of  tho  Olil  Wttrld,  is,  \u  a  still  greater  degree,  to  be 
ascribed  to  the  fact  that^  with  all  oar  thonghtlese  improvidence, 
we  have  not  yet  bared  all  the  sources  of  our  streams,  nt>t  yet 
overthrown  all  the  barriers  which  natnro  has  erected  to  restrain 
L  Iier  own  destructive  energies.     Lt't  tis  be  wise  in  time,  and 

H  profit  by  the  errors  of  our  <:>lder  brethren  t 

H  The  influence  of  tlie  forest  in  preventing  inundations  baa 

H  been  very  generally  i^oc(^izcd,  both  as  a  theoretical  inference 

H  andosafactof  obeoniition;  but  the  eminent  engineer  Bolgnind 
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and  his  commontator  "Valles  have  deduced  an  opposite  rcsnit 
fmm  various  facts  of  experience  and  froiu  ecieutitlc  cwneidcr- 
atioiw.  They  contend  that  the  superficial  drainage  is  more  rej?- 
nlar  fi-orn  cleared  than  from  wooded  ground,  and  that  clearing 
dlmniishei;  rather  tlian  angmcnta  the  intensity  of  inniidarioiis. 
Keilhcr  of  these  conclupiona  appearn  ti>  Ihj  warranletl  hy  their 
data  or  tlieir  reasoning,  and  they  rest  partly  upon  facts,  which, 
truly  iiitcrprctod,  are  not  ineonsietcnt  with  the  received  opiuiuns 
on  these  sithjeets,  partly  upon  aRsninptions  which  are  contra- 
dicted by  exi>erionce.  Two  of  these  latter  are, first,  that  the  fallen 
leaves  in  the  forest  constitnfe  an  hni>erineahle  covering  of  the 
soil  over,  not  throngh,  which  the  water  of  raius  and  of  melting 
Buows  flows  (ifF,  and  iK'Ctndly,  that  the  roots  of  trees  penetrate 
and  choke  up  the  fisenres  in  the  roi^ks,  so  aa  to  impede  the  pa*- 
Eagc  of  water  through  elianncls  which  nature  has  pronded  f<»> 
its  desiiont  to  lower  Ptrata. 

Ab  to  ttio  first  of  these,  we  may  appeal  to  familiar  facte  witliin 
the  pei-sonal  knowlcd^  of  every  man  ae(]uainted  with  the 
(Hierations  of  syU-an  nature.  Knin-wiitt'r  never,  except  in  very 
trifling  qnantitios,  flows  over  the  leaves  in  ilic  woodfi  in  Buiunier 
or  auCnmn.  Water  mns  over  them  only  in  the  B]>ring,  in  tlio 
rare  cases  when  they  have  hecn  pre^Mid  do^m  smoothly  and 
compactly  by  the  weight  of  tlie  snow — a  state  in  which  they  ro- 
inain  only  until  they  are  dry,  when  shrinlinge  and  the  action  of 
the  Mnnd  aoon  roughen  the  enrfaco  wi  as  eflfectnally  to  stop,  hy 
aheorption,  all  flow  of  water.  I  have  observed  that  when  a  fiud- 
drn  frost  succeeds  a  thaw  at  the  close  of  the  winter,  after  the 
Hiiiw  has  principally  disappeared*  the  water  in  and  between 
the  layers  of  leaves  sometimes  freezes  into  a  solid  cnist,  which 
allows  the  flow  of  water  over  it.  Bnt  this  occurs  only  in  de- 
pr««ioQ8  and  on  a  very  fimall  scale  ;  and  tlie  ice  thus  formed  is 
so  soon  dissolved  that  no  sensible  effe(;t  is'produced  on  the 
escape  of  water  from  the  general  surface. 

Ab  to  the  influence  of  routs  upon  dminage,  wo  Lave  seen  that 
there  is  no  doubt  that  tltey,  independently  of  tlioir  a<;tion  as  ab- 
■orbcnts,  mcchauicolly  promote  it.    Not  only  does  the  water  of 
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the  8oil  f(vU«w  Uiem  downwards,  but  their  swelling  growtli 
powerfully  tends  to  cnlari^Cj  not  to  obstruct,  tHc  crcviucs  of 
r(x:k  inUi  wliich  tliey  enter;  tLitd  aa  the  fiaanres  in  rocks  n:-c 
luiigitudiiml,  nut  mere  cirenlar  orifiees,  every  line  of  additional 
width  jijained  by  the  growth  of  roota  mthin  thera  increases  the 
area  uf  tlio  crevice  in  propurtiou  to  its  length.  Cuuscqiicutly, 
the  widening  of  a  fisstire  to  tlie  extent  of  one  inch  might  give 
an  additional  drainage  equal  to  a  square  f<jot  of  open  tubing. 

The  observations  and  reafionings  of  Bclgrand  and  Vall^s, 
thongh  their  conclusions  have  not  been  accepted  by  many,  aro 
very  important  in  one  point  of  view.  These  writers  iiiaist  much 
on  the  iicec^ity  of  taking  into  aceount,  in  cstimittiug  the  rela- 
tions between  precipitation  and  evaporation,  the  abstraction  of 
water  fi-oin  tlic  snrfaee  and  Rurfacc-cni-rents,  by  abeorption  and  in- 
liltration — an  element  unqnestionably  of  great  value,  but  hitliorto 
mneli  neglected  by  meteorological  inquirers,  who  have  very  often 
reasoned  as  if  the  sitrfatie-eai'tJi  were  cither  impermeable  to 
water  or  alivady  saturated  with  it ;  wliei-etia,  in  fact,  it  is  a 
sponge,  always  imbibing  humidity  and  al »'&}*»  giving  it  off,  not 
by  ovaj.K>ration  only,  but  by  infiltration  and  percolation. 

The  remarkable  historical  notices  of  innndutittns  in  Franoe 
in  the  Middle  Ages  collected  by  Champion*  are  considered  by 
many  as  furiiighing  profjf,  that  when  tJuit  eoimtry  was  roncli 
more  generally  covered  with  wixjd  tlian  it  now  is,  destructive 
inundations  of  the  French  rivers  were  not  less  frequent  than 
they  are  in  modern  days.  But  this  evidence  is  subject  to  this 
among  other  objections:  we  know,  it  is  trae,  that  the  forests 
of  certain  departments  of  Franco  wore  anciently  niiieh  more 
extensive  than  at  tlie  pixisent  day ;  but  we  know  altio  that  ill 
many  ]»ortion8  of  that  country  the  stiil  has  been  ban?d  of  Ita 
forests,  and  then,  in  consequence  of  the  depopulation  of  great 
provinces,  left  to  rcclothe  itself  spontaneously  with  trees,  many 


*  Lm  Tiumdatiant  m  Frane4  dfpnia  U  Vlt  ttMe  jtu^^d  not  Jovt$.  6  TO)t. 
Bto.  Paris,  1638-M.  Boo  a  xtxj  »lilo  ravlew  of  this  lonmed  khiI  iinportani 
work  hj  PtoI  ItfeasedajKUa,  read  twfoK  the  Acadsm/  of  Agriculture  at  Veroea 
ialSM. 
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times  during  the  hietoric  period ;  and  onr  acqnaintJincG  with 
the  forest  topography  nf  ancient  Gaii!  or  of  mediteval  France  is 
neither  Biifficicntiv  extensive  nor  snfflcientlv  minute  to  permit 
us  to  eay,  with  cerlainty,  that  the  sources  of  tliis  or  tliat  jiartic- 
ular  river  were  more  or  leas  slieltercd  I>y  wo<»d  at  any  given 
time,  ancient  or  modlroval,  than  at  pi-esLMit.*  I  say  the  sources 
of  the  rivers,  becanse  the  floods  of  great  rivers  are  occasioned 
by  heavy  rains  and  Bno%vB  which  fall  in  tlio  more  elevated  re- 
gions around  the  primaT  springs,  and  not  by  precipitation  in  the 
main  valleys  or  on  the  plains  Ijordcring  on  the  hiwer  course. 

The  destrnctive  effects  of  inundations,  considered  simply  as  a 
mechanical  power  }iy  which  life  is  endangered,  cro[>a  dcstmyetl, 
and  liic  artHicial  constructions  of  man  (nx'rthrown,  ore  very 
terrible.  Thns  far,  however,  the  flood  is  a  temporary  and  by 
no  means  an  irreparalilo  evil,  for  if  its  ravages  end  here,  the 
prolific  powers  of  nature  and  tho  indnstry  of  man  soon  restore 
what  had  [>een  lost,  and  the  face  of  tlie  earth  no  longer  sltows 
trace!!  of  the  dehigo  tliat  had  oN-erwht'hnwl  it.  lunndations 
have  even  their  conipenpatiouH.  The  stnicturea  they  destroy 
are  replaced  by  better  and  more  secure  erections,  and  if  they 
sweep  (^  aca-opof  com,  they  not  nnfrequcntly  leave  behind 
them,  as  tliey  snl)«li)e,  a  fertilizing  deposit  wliiub  enriches  tho 
exhausted  field  fnr  a  succession  of  ee«soii8.f    If,  then,  tlie  too 


'  Alfred  Hnnij  has,  neTerthelaw,  «olleoied,  in  hta  flrodite  and  able  vurk, 
Xt^  ForH$  4»  ia  O^fif  A  de  Paruifnnt  France,  Pans,  18$T,  an  immenKe 
aiBonnfc  of  ataHrtioftl  delail  on  the  oxtent,  tlie  duthbattOu,  wid  the  detraction 
of  the  forest*  of  France,  but  it  still  rautains  trae  that  vo  con  tctj  MJdom 
pRmoonoe  on  the  forestol  oondition  of  the  npper  Tallejr  of  a  particular  river  at 
the  timo  of  a  giren  inundation  in  the  ancient  or  the  medtetal  period. 

t  The  productarecon  of  Egypt  has  be«n  aUrilnited  too  exfihulTelj  to  the 
fertUuInff  effeota  of  the  alimo  dcpotdtod  by  the  isuDdatJona  of  the  Kile ;  for 
in  that  climate  a  Libviml  rajiplj  of  wBt«r  wonld  produce  food  or^w  on  abuort 
any  orditiat;  mnd,  wliflo,  withnnt  vater,  the  rioheat  soU  would  jleld  nothing. 
Tho  Mdiinont  dtfpoaitod  annually  ia  but  a  very  Hmalt  fraction  of  an  inch  in 
thIiitltiM  It  {•  aUe^ed  that  In  qoaoUty  it  would  be  hardly  sttf&oieat  for  a 
good  top"drea>tng,  and  that  iu  quality  it  i«  not  ehomicoUy  diitiagolahable 
fron  the  aotl  InohM  or  feet  below  tlie  nirfaec.  Dot  to  deny,  m  aoms  writera 
hsTC  doao,  that  tb«  dim*  has  any  fertilizing  properties  at  all,  ii  as  gmA  an 
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npid  flow  of  the  Burface-watcra  occasioned  no  other  e\il  tlian 
to  produce,  once  in  ten  jcats  upon  tlic  avei-age,  au  inuiidntion 
whifh  should  destroy  the  Imrvest  of  Uie  low  groimds  along  the 
rivura,  tho  damage  would  be  too  incoiiHidorable,  and  of  too 
transitory  a  character,  to  warrant  the  inuonveniences  and  the 
expenso  involved  in  tlie  measures  which  the  uaxt  competent 
judgCB  in  umuy  partd  of  Enn^pe  believe  tlie  respective  govern- 
ments ought  tu  t»ke  to  obviate  it. 


J)99iruoiiv«  Adion  qf  T&rrenta, 

But  the  great,  the  irreparable,  tlie  appalling  mischiefs  winch 
have  already  resulted,  and  which  threaten  to  ensue  on  a  &till 
more  extensive  scale  hereafter,  from  too  rapid  superficial  drain- 
age, are  of  a  properly  gengniphical,  we  may  almost  say  gc<j!ogi- 
cal,  character,  and  aonii!Btj>riii]ii,rily  iueiit)e«tun,diiiplnue>iieiit,aiid 
transportation  of  the  supci-fieial  strata,  vegetable  and  ininend — 
of  tlie  integumeuts,  so  to  speak,  with  which  nature  has  cloUied 

FTTor  B8  the  oppo«ito  odb  of  nncribing' nil  tho  u^cnltnrnl  wofJth  of  GgTpt  ta 
tbat  nogla  oauM  of  prvductirotMn.  Fiuo  KiU  tlcposicod  bj*  walor  on  almotfe 
unifortnly  rich  in  oJJ  olimat**;  tlian  bixnigbk dowo  by  lirsnL  auiied  ont  into 
Hiit-watei,  axid  th«ii  r«tunied  oftin  bj  tbc  Ude,  Beum  to  b«  mors  pennaaenlly 
fertile  than  nnj  otliun^.  Ttio  poUlen  of  the  Nutherlaiul  coiuA  an  of  thin  chu" 
aeter.  and  th«  m<«do«-s  hi  LleoobuOiire,  whfcb  have  beeo  Dorored  nilh  Blim« 
by  tiKtrpinff,  u  it  ia  called,  or  admitUng  water  avvt  them  at  high  Udt,  am 
remaikobly  prodoctiTe. 

Reoent  uialyBia  U  said  to  have  detootod  ta  Un  vator  of  tlt«  Kil«  a  quantity 
of  orsanie  matter— dcriral  maEnlj-,  nodoobt,  from  the  dmayod  rtgctatiOD  ft 
bean  down  from  ita  tropical  ooono— aaffielently  I&rg«  to  f^uniah  an  impor- 
tant snpply  of  fcrtilinng'  ii^redivnta  to  the  aoii. 

It  ia  oomputed  that  tha  Dansoe— o  rivtr  fed  ohiedjr  by  tomnta,  of  grreac 
tnmtra  pownr— carrier  down  anonaUy  solid  matcriivl  ciuin^h  to  oovcr  'JT^.OOO 
aciaa  of  aoU  with  a  dcpOKtt  of  two-fltthaof  an  Inch  in  tMi'.kn<>M,  oiid  thst  tJiis 
dopoaft  containa,  in  the  miiibinntion  moRt  favorablo  tu  «tTp.itution.  motv  niuto 
than  110,000  tmuof  gnano,  and  mom  carbtui  than  13l,0u0  aoren  of  wuoilhuul 
would  nntmiUt*  in  a  yaar.  Rl.i!-i-:  lUCLCii,  J^tt  Terre,  vol  l.,p  4li7.  On 
tha  chemical  corapoffitlon,  qnontity,  and  toIoo  of  the  ftolid  matter  trnnJport«d 
by  riror.  ho  HESVi  M.iNOOX,  Stir  CHvifUti  da  Eau2  dan*  lea  SrTi</atiiiu»,  Hvo. 
raria,  IMS,  pp.  133  ft  t^.  Di;ranniEt,  Tmiti  d'Hyiimidiqiu  tt  da  Qio- 
loffie  A$r:eoUt.    Paiia,  IMS,  chap,  t,  xii,  and  xiii 
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the  skeleton  frame-work  of  flie  glolw.  It  is  difflouU  to  convey 
by  description  on  idea  of  the  desolation  of  iho  regioiifl  most  ex- 
posed to  tije  ravages  of  torrent  and  of  flood ;  and  the  tliou- 
sands  who,  in  these  days  of  swift  travel,  are  w}iirled  by  Bteain 
near  or  even  throngh  the  theatres  of  these  c^alainities,  have  but 
rare  and  imperfect  opportniiitics  of  obaerving  the  destructive 
cnnscA  in  action.  Still  more  i-arcly  can  tJiey  compare  t!io  past 
wth  the  actnal  windition  of  the  provinyos  in  question,  and  trace 
the  pro^resa  of  their  convereion  from  forest-crowned  hills, 
loxnriant  pasture  grounds,  and  abundant  corufielda  and  vine- 
yards well  watered  by  springB  and  fertilizing  rivulets,  to  bahi 
uionntain  ridges,  rocky  declivities,  and  steep  eartli-banks  fnr- 
iViwed  by  deep  ravines  witli  beds  now  dry,  new  filled  by  tor- 
rents of  fluid  mud  and  gravel  hnrrying  down  to  spread  them- 
selves  over  the  plain,  and  dooming  to  everlasting  barrenness  the 
once  productive  fleldjs.  In  surveying  eucli  scenes,  it  is  dtllicult 
to  resist  tlie  impression  tlrnt  nature  iirt^nejuticed  a  prinuil  cureo 
of  perpetual  st-erility  and  desolation  n^wn  these  subliiue  tuit 
fearful  wastos,  diflicult  to  believe  lliat  they  were  once,  and  luit 
for  the  folly  of  man  might  still  l»e,  blessed  with  all  U»o  natural 
tdvautages  which  Providence  has  bestowed  upon  the  most 
favored  climes.  But  tlio  historical  evidence  is  conclusive  as  to 
Uie  destructive  changes  (.H;fasinned  by  tho  agency  of  man  n|K)U 
the  flanks  of  tlie  Alps,  the  Apennines,  the  Pyrenees,  and  other 
moimtaiu  ranges  in  Ccntiul  and  Sotithcrn  Knropc,  and  the  pro- 
gress of  physical  deterioration  has  been  so  rapid  that,  in  Sfiino 
localities,  a  single  generation  has  ^tituessod  the  beginning  and 
the  end  of  the  melancholy  revolution. 

I  have  stated,  in  a  general  way,  the  nature  of  the  evils  in 
quotition,  and  of  the  processes  by  whiuli  tliey  are  prudnued  ;  but 
I  shall  make  their  precise  character  and  magnitude  bettor  lui* 
derstiKxl  by  presenting  some  descriptive  and  statistical  details 
of  facts  of  actual  occurrence,  I  select  for  this  purpose  the 
south-casteru  portion  of  Franco,  not  bccan&o  that  torritory  has 
Buffered  more  eovorely  than  some  others,  but  because  its  de- 
terioration is  compamlively  recent,  and  has  been  watched  and 
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described  by  very  competent  aud  trnstworlliy  obBervers,  whose 
rD|N>rtA  are  more  eaaily  acuesfiible  than  tlio«e  published  in  oUicr 
Otmiitries.* 

The  provinces  of  Daaphiny  and  Provence  oompriso  a  territory 
of  fourteen  or  fifteen  thousand  square  miles,  bounded  nortli-wc^ 
l>v  the  Ijjcre,  north-east  and  east  bv  tho  Alps,  stiiilh  by  the  Medi- 
tciTHiicun,  west  by  thy  Itliuiiu,  aud  exteiidiiig  fruiii  43^  to  about 
45"  of  nortli  latitude.  Tlie  surface  is  gcnei-ally  hilly  and  cveii 
inomilaiiious,  and  several  of  the  ]>eaka  in  JJaujiliiny  rise  ai^ovo 
the  liiuit  of  perpetual  snow.  Kxccpt  upon  the  mouiilain  ridges, 
the  climate,  as  compared  with  tliat  of  the  United  Stales  in  the 
BHMio  iHlitude.  is  cxlrotncly  tnild-  Little  »uvv  falls,  exix'pt 
upon  tho  higiier  ntuiiiitaiiiit,  tlie  fn«t.^  aru  light,  and  the  tium- 
mere  long,  ab  might,  indeed,  be  infen-ed  from  the  v^etation ; 
for  in  the  cnltivated  di&tricts,  tlie  ^  ine  and  the  fipf  everywhei-o 
flourish  ;  tho  oHvo  tlirives  as  far  north  a»  i^i*^,  and  ujxjn  the 
enast  grow  the  orange,  tlie  leiuun,  and  the  date-palm.  The  forest 
trees,  t-fio,  are  uf  wmlhi-rn  ly|M!,  umbrella  pinoa,  vai-iona  s|»eciea 
of  evci^roen  oako,  and  many  other  irece  ami  elirubs  uf  per- 
sistent broad-Ieared  fuliago,  charactcriziug  the  landacajic. 

Tlio  i-apid  slope  uf  the  mouutaina  natundly  ex]Miiseil  thcoe 
pronnc-cs  tu  daiiia<^  by  ton-eut^,  and  the  ii4.>tnaus  dimillil^hod 
tlieir  injurious  effeelB  by  erecting,  in  tlto  beds  of  ravines,  bar- 
riei-a  (tf  niiuks  loosely  piled  up,  wliirh  ]n'niiittcd  a  elow  es<-ape 
of  the  water,  but  eonipellcil  it  Uj  de|Hwit  above  liie  dJhos  the 
earth  and  gravel  with  which  it  wa«  chai^ed.f     At  a  later 

*  Stjeflaeur  {ITehar  die  A'ntvr  viut  <fi>  Wirkungen  Ar  Wamat,  p,  8) 
mnintaiiui  that  all  Um  olMarvattoiu  and  spMmlabioiuf  of  freoch  autbora  on  the 
nattm  ot  tomnta  luu]  been  aniiulpated  bj  AnsLrbu  wrtten.  In  proof  of  th'ia 
icnrdoa  h«  refen  to  the  woria  at  Txami  von  Zallingvr,  1778,  Vtm  Amttia, 
1808,  Fnuu  DuUe,  19S0,  aR  pntiUahml  at  Imuibrack.  unci  Haqen's  BaeAnt- 
hvng  nfMertT  WaMtrbauiMrk*,  KOalfatMrg,  18S6,  luino  of  wbklt  woiks  an 
known  to  me.  It  k  evident,  however,  that  tlM  ooDohiflfonB  of  SuroU  bkI 
olh«r  French  writen  whom  I  eite,  are  original  xocolta  of  pmoaal  tarotiga- 
tiao.  and  Dot  bomnrod  optnloiUL 

f  Wbotber  Poluajr  wu  aoqaalntcd  with  thU  anoieot  praoUoe,  or  whether  it 
woa  ooo  of  thoae  ori^al  fcU|[g(i«tioiia  of  which  his  worlu  are  au  full,  I  know 
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periui]  tho  Grusftders  brought  home  from  Palestine,  with  much 
other  kuowleclprc  gathered  from  tlie  wiser  Moelems,  the  art  of 
securing  the  hilUidcs  and  making  them  prodoctive  ly  terraciug 
and  irrigation.  The  forests  which  covered  tho  mountaius  bc- 
ciirod  an  abundant  flow  of  springs,  and  iho  proeetui  of  ulearing 
tlie  soil  went  on  bo  slowly  that,  furccntunes,  neitlier  tho  want  of 
timber  and  fuel,  nor  the  other  evils  alxMit  to  lie  depicted,  were 
Berionsly  felt  Indeed,  tlmnighont  the  Middle  Ages,  these  pro- 
vinces were  well  wooded,  and  famous  for  the  fertility  and 
abundance,  not  only  of  tlie  low  grounds,  tut  of  tho  liilU. 

Such  was  the  atato  of  things  at  tlie  close  of  the  fiftocntli  cen- 
tnry.  The  Btatistics  of  the  seventeenth  ehow  that  while  there 
had  been  an  increase  of  prosperity  and  population  in  Lower 
Provence,  a£  well  aa  in  the  correspondingly  situated  parts  of 
the  other  two  provinces  I  have  mentioned,  there  was  an  alarming 
dccrcaso  botli  in  the  wealth  and  in  tho  population  of  Upper  Pi"o* 
venco  and  Datipluny,  although,  by  the  clearing  of  tlio  forests,  a 
great  extent  of  plough-land  and  pasturage  hud  been  added  lo 
the  soil  before  reduced  tu  cnhivutiou.  It  was  found,  in  fact, 
tliat  the  BUgmeuteil  violence  of  the  torrents  had  swept  away,  or 
bnried  iu  sand  and  gravel,  moi-e  land  than  had  been  reclaimed 
by  clearing ;  and  the  taxes  tfontputcd  by  fii-es  or  habitations 
imdcrwcnl  several  succcestvc  reductions  in  coiisoqucnue  of  the 
gradual  abandonment  of  the  wasted  soil  by  its  staning  occu- 
pants. The  growth  of  the  lai^e  towns  on  and  near  the  Itliono 
and  the  cnast^  their  advance  in  commerce  and  industry,  and  the 


not,  lint  In  hla  treatbe,  T>r*  Eavx  at  Fontaine,  he  thiu  reoommeDds  It,  bj 
mvy  of  Nply  to  tho  obJcoUoaa  of  *'  Tb£ori<|iH)."  who  hod  expreMod  the  fuc 
that  "  lh«  iratent  which  nidi  vjulenU;  down  from  ths  hoigbtB  of  the  laooB- 
taia  would  hrla^  with  them  much  owth,  mnd,  twd  other  thlugi,"  koA  thas  tiKiO 
tho  «rtili»inl  fnontAin  that  "Pnutiqnc"  wan  teaching  him  to  make:  "And 
for  biodrom-e  of  tho  "ii'"*'Wfi  of  gnftt  walen  wliiob  way  be  gathered  to 
taw  hotin  by  gnat  stoma,  when  thoti  idialt  hare  made  rradjr  tit;  partem  to 
reoeive  the  wafcar,  thou  raiut  laj  eivat  nlvncri  atliwart  t^«  deep  tiianiicli 
whioh  lead  to  thy  imttcrro.  An^l  m  the  f^nw  of  the  ntahing  onnenta  ahall  ba 
doadaaad.  and  tbjr  wakot  ahaU  Oow  peaccfulljr  iiiLo  hia  olatenu,"— Cff«n'M 
Om^Hm,  p.  \n. 
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consequently  enlarged  demand  for  of^icultural  products,  ought 
imturallj''  to  Ltavo  increased  tlie  rnml  population  and  the  value 
of  their  lands  ;  but  the  iih^-sical  dt'L-av  of  the  uplands  tt-ns  such 
tJiat  Mnifiiderahle  tracts  were  deacrted  altogether,  and  in  Upper 
Provence,  the  fires  which  in  1471  counted  S97,  wore  reduced 
to  747  in  1699,  to  72S  in  1733,  and  to  035  in  1776.* 

Surell — whose  admirable  work,  ^/wle  mr  ica  l^orrents  de» 
JTaulrH  Alpe«y  first  published  in  lS41,f  presents  a  un«t  ap^mll- 
ing  picture  of  the  dcsolationB  of  the  torrent,  aud,  at  the  sauie 
time,  tlie  most  careful  studies  of  the  history  and  oeeeutial  char- 
acter of  this  great  evil — in  speaking  of  the  vallej  of  Dcvoln^^ 
on  page  152,  ea^s:  "  Evervthiiij?  concurs  to  show  that  it  was 
anciently  wooded.  In  its  peat-bogs  arc  found  bni-ied  trunks  of 
trees,  momimonts  of  itfi  former  vcgctfttiou.  In  tlie  framework 
of  old  liouses,  one  sees  enomious  tiinlier,  which  is  no  hmger  to 
be  found  in  the  district.  Many  localities,  now  completely  bare, 
■dli  retain  the  name  of  '  wood/  aud  one  of  tliem  is  called,  in 
old  deeds,  Cvmlu  nitfra  [Black  forest  or  dell],  on  account  of  its 
dense  woods.  These  and  many  otiioj'  proofs  con£j']n  the  local 
traditions  which  are  unauinu^us  on  this  point. 

"  There,  as  evorywliere  in  tlio  Up^icr  Alj*,  the  clearings  be- 
gan on  tlie  flanks  of  the  niouiitaiiiK,  and  were  gradually  ex- 
tended into  the  valleys  and  then  to  the  hi^hc^t  accestihlc  peaks. 
Tlicn  followed  tlie  Kevolutioii,  nud  caused  the  destruction  of 
the  remainder  of  the  trees  which  had  thus  far  cscajxid  the 
woodman's  axe.** 

In  a  note  to  this  paegago  the  writer  aays ;  "  Several  ]>ersoDS 
have  told  me  that  tlicy  had  lost  fiocksof  sheep,  by  straying,  in 
the  forests  of  Mont  Auroux,  which  covered  tlie  flanks  of  the 
mnuntain  fnini  l.a  Cluw  txi  .\^iiere8.  These  decli^ntied  arc 
now  as  bare  as  the  palm  of  the  hand." 


*  Tbwo  fhoU  I  tak«  from  Uib  Im  Prmmee  «ti  paint  <fo  vim  (te  JMi,  4t§ 
2bmnl«  tt  dm  Tnaniatioiu,  of  Char1«a  da  Bibbe,  oaft  of  the  bigfaeal  anthor* 
iUea. 

f  A  Moond  «ditioo  of  Uib  work,  witb  An  additJonal  rolitni*  ot  gnat  Tolae  bj 
Einett  (KcAtme,  wmi  imblJahed  at  Poria,  In  two  8to  volnnM,  la  187I-T& 
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The  gTDuiid  upon  the  steep  monutaiiis  being  once  barud  of 
treee,  and  the  uiKkrwowl  killed  hy  the  grazing  of  homed  cat- 
tle, sheep,  and  gyftta,  ever^-  depreesiuii  becomes  a  watvr-iroiiroe, 
^  Every  stwnn,"  Bays  Suroll,  page  153,  "  gives  rieo  to  a  new 
torrent*  Exampleeof  snch  arc  ehowii,  which,  though  not  yet 
three  years  old,  have  laid  waste  tiio  iin<st  fields  of  their  valleys, 
and  whole  villages  have  narrowly  escaped  beiag  swept  into 
rannce  formed  in  the  course  of  a  few  hours.  Souiotiiiics  the 
flood  |K>urs  til  a  »heet  ovur  tlie  surface,  without  ravine  or  even 
hed,  and  ruins  exteuaive  grounds,  wUiclt  ai*e  abandoned  for- 
ever." 

I  canuot  follow  SurcU  in  his  description  and  classification  of 
torrents,  and  I  must  refer  the  rtnider  to  his  inHtriictivo  work 
for  a  full  exposition  of  the  theory  of  the  subject.  111  order, 
however,  to  8ht>w  what  a  eoncentiiition  of  destructive  energies 
may  he  effected  by  felling  the  woods  that  clothe  and  support 
the  sides  of  mountain  aby&sca,  X  cit«  his  description  of  a  valley 
descending  from  tlie  Col  Isoard,  which  he  calls  "  a  comploto 
type  of  a  basin  of  reception,"  that  Is,  a  gfirge  which  servt's  as  a 
common  point  of  accumulation  and  discliarge  for  tlie  waters 
of  several  lateral  torrents.  "  The  afl|>ect  of  the  monstrous  chan- 
nel," says  he,  *' is  frightful.  Within  a  distance  of  less  than 
two  English  miles,  more  tlian  sixty  torrents  hurl  into  the  deptlis 
of  the  gorge  the  dtibri^  toni  fn:)ni  its  two  tlanks.  The  smallest 
of  tliPiiO  seijondary  lorreiits,  if  transferred  to  a  fertile  valley, 
would  \te  enough  to  ruin  it." 

Tlw  eminent  political  economist  Blanqui,  in  a  memoir  read 
before  the  Academy  of  Moral  and  Political  Science  ouO»ey.'>ih 
of  November,  1843,  thus  expresses  lunwelf:  "Important  as 
are  die  causes  of  impoverishment  already  desoribed,  tln'V  are 
not  to  be  compared  to  the  consetincnoes  which  have  followed 

*  No  att«nUv«  otftrref  «aii  £nqu«oi  th«  BOuQun  Skitk  of  the  PUdiaOo- 
teae  Alps  or  Uw  Protich  ptoTiBco  of  Daupbiny,  for  baU  •  doxoa  ^eon.  wHli- 
oat  witoemiog  with  bit  own  «f  ea  tb»  fonnAtion  nod  iooresw  of  n«w  tommu. 
I  ooa  bow  penooal  teBtimon;  to  the  oanfendon  of  moro  than  one  grmmj  etopo 
tato  the  b«d  of  a  foriooa  toii«iit  bj  boring-  the  hills  abore  of  theii  woodj. 


lOBREKTS    IX   ni.\XCE. 


251 


from  the  two  inveterate  evils  of  the  Alpine  provinces  of 
Franco,  the  extension  of  clearing  hihI  the  ravaj^cs  of  tnrrcnta. 
The  must  iniportnnt  result  of  ihis  dc&trtiction  is  this; 
that  the  agriciiltnrAl  eapital,  or  rather  tlie  ground  itself — 
wliieh,  in  a  mpidly  inercasing  degree,  is  daily  swept  away  by 
the  waters — is  totally  lost.  Signs  of  unparalleled  destitution 
sre  visible  in  all  the  nionntain  zone,  and  the  solitudes  of  tLosc 
districts  are  astiuniing  an  indescril tabic  chai'aetor  of  sterility 
and  desolation.  Thogradnal  destruction  of  the  woods  has,  in 
a  thoniiand  localities,  annihilated  at  once  the  springs  and  the 
fuel.  IJetweeiL  Grenoble  and  Brian9on,  in  the  valley  of  the 
RoiTianche,  many  villages  arc  so  destitute  of  wood  that  tliey  arc 
reduced  to  the  necessity  of  baking  their  brc«d  with  sun-dried 
oow-dnng,  and  even  this  they  can  nffoid  to  do  hut  once  a  year. 

*'  WjKttvor  has  visited  the  valley  of  J)arcelonetti>,  those  of 
Emhnm,  and  of  Verdun,  and  that  Arabia  Petrsen  of  the  de- 
partment of  the  Upper  Alps,  called  Devohiy,  knows  that  tlicre 
is  no  time  to  lose — that  in  fifty  years  from  tliis  date  Franco 
will  be  separated  from  Savoy,  as  Egypt  from  Syria,  by  a 
desert."  * 

It  denorveft  to  be  epccially  noticed  that  the  distriot  Iiere 
referred  to,  though  now  among  the  most  hopelesBly  wa^te  in 
France,  was  very  productive  even  down  to  bo  late  a  peri^-'d  as 
the  commencement  of  tlie  French  Revolution.  Ai-thur  Young, 
wriliiig  in  1789,  says:  "About  Barcclonctte  and  in  the  high- 
est jiarts  of  the  mountains,  the  hill-pasturca  feed  a  million  of 
sheep,  besides  large  herds  of  other  cattle ; "  and  he  adds : 
"  With  such  a  soil  and  in  snch  a  climate,  wo  are  not  to  sup- 
pose B  country  barren  because  it  is  mountaiuons.  The  valley's 
I  have  visited  are,  in  geueral,  ticautifuh^t    He  ascribes  the 

*  La«l(moott«  Mjm  tlio  pvasMnt  of  Dfivolujr  '*  aftcn  gow  k  disUaM  of  fire 
boun  over  rocks  nnd  |)reeli>iocs  far  a  lingle  [tnui'i]  lo«d  of  irvoS  ;  ^  naA  he  to- 
marks  OD  nnothcr  pag«,  thai  "  tbo  Jiutivo  of  p«K>a  of  that  caoton  haA,  in 
the  ooarae of  fortr-tbrrio  Joan,  ttaioDoa  hMid  tfa«  roioeof  tbanightiogato."— 
ntilairtt  rte.,  dn  ffrmUt  Jlfym,  pp.  S30,  4S4. 

j  Tbc  ftilty  tit  Gmbnin,  sow  almoet  completely'  devaatatod,  was  aoc«  r»- 
nwrkafalo  foi  ita  Xertality.    In  1900,  n^hout  tltt  Thuij  nU  of  it:  "In  thw 
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same  chai-acter  to  the  pro^-incee  of  DaupUiny,  Provence,  and 
Auvergne,  and,  though  he  visited,  with  the  eye  of  an  attentive 
and  practised  obsen'er,  many  of  the  eccnes  Binco  blasted  with 
tliu  wild  dcsulation  dciicnbed  by  Blanqiii,  the  Duraiiec  and  ft 
part  of  the  couree  of  the  Loire  ai-e  tlte  only  streams  ho  nieu- 
tious  OS  inflicting  Beriona  injury  by  their  floods.  The  ravages 
of  the  torrcutfi  had,  indeed,  as  we  liave  seen,  conimem.'ed  earlier 
iu  eonie  other  localitie^^,  but  wo  are  authorized  to  infer  that  thoy 
were,  in  Young's  time,  too  limited  in  range,  aiid  relatively  too 
insignilicant,  to  require  notice  in  a  genei-al  view  of  tlie  pro 
Tineas  where  they  have  now  ruined  so  large  a  proportion  of 
the  BoiL 

But  I  resnme  uiy  citatious. 

"  I  do  not  exaggerate,"  says  Blaaqm.  "  When  I  shall  have 
finished  my  description  and  designated  localitiee  by  their 
names,  there  will  rijHj,  I  mn  snre,  mure  than  one  voice  fn>m  the 
spots  thenteelves,  to  attest  the  rigtirous  exactness  of  this  picture 
of  tbcir  wroteheduess.  I  liavc  nuvur  seen  its  equal  evc;ii  iu  the 
Kabvle  villages  of  the  proviuco  of  Consta:iliiie  ;  for  there  yon 
can  travel  on  burseback,  and  yon  find  gra£a  iu  the  spring, 
wliL'ix'as  in  more  tlian  fifty  communes  in  tlie  Alps  there  is  abso- 
lutely nothing. 

"The  clear,  brilliaTit,  Alpine  sky  of  Embmn,  of  Gap,  of 
Barcelonette,  and  of  Digne,  which  for  months  is  witJiout  a 
cloud,  pixxluces  droughts  interrupted  only  by  diliiviul  rains 
like  those  of  the  Iropicu.  The  abuse  of  the  right  of  pasturage 
and  the  felling  uf  the  w<K»ds  have  stripped  the  soil  of  all  its 
gra^  and  all  its  trees,  and  the  scorching  sun  Imkcs  it  to  the 
consistence  of  por^^hyiy.  When  moistened  by  the  rain,  as  it 
lias  neither  siipiKirt  nor  cohesion,  it  rolls  down  to  the  valleys, 
Bonictimes  in  AockIs  resembling  black,  yellow,  or  reddtfh  lava, 
Bometimos  In  streams  of  pebbles,  and  oven  huge  blm-ks  of 
stone,  w^hich  pour  dou*n  with  a  frightful  roar,  and   in  their 

ma^iflccnt  vsUey  notara  had  be«a  prodigal  of  hoi  fifU.  tu  inhahitanU  tuv« 
bliuUy  TQTcIlvd  in  her  fkvon,  mad  fallen  Mleop  id  the  tnidit  of  her  L^rofusioo." 
— BBCi]trKmEL,  Det  CUwat*,  etc,  p.  314. 
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swift  course  exiiibit  the  most  convulsive  inovemonts.  If  yon 
<n*erIook  from  an  eminence  ons  of  these  landscupes  furrowed 
with  St)  many  ravines,  it  presents  only  images  of  ilteolatiou 
and  of  death.  Yii=t  deiwalts  of  flinty  pebbles,  many  feet  in 
thickness,  which  have  rolled  down  and  spread  for  over  tho 
plain,  BiirMund  lar^c  trees,  bury  even  their  tops,  and  rise 
above  tlicm,  leaving  to  the  hnsbandman  no  longer  a  ray  of 
hope.  One  can  imagine  no  sadder  spectacle  than  the  deep 
fissures  in  the  flanks  of  the  moiintains,  which  seem  to  have 
burst  forth  in  tTiijition  to  cover  tlie  plains  with  their  rnins. 
Tlieae  gorges,  under  the  influence  of  the  snn  which  cracks  and 
fihiverR  to  frngmentF  tho  reiy  mcks,  and  of  tho  rain  which 
sweeps  them  down,  penetrate  deeper  and  deeper  into  the  heart 
of  the  monntain,  while  the  beds  of  the  torrents  issning  from 
them  arc  sometimes  raised  several  feet  in  a  single  year,  by 
the  d^ibriB,  so  that  they  reach  the  level  of  tlie  bridges,  which, 
of  conrso,  are  then  carried  off.  The  torrent-beda  are  recnjF. 
nized  at  a  great  tli«tancej  tm  t3iey  iasne  from  tho  inoimtains, 
and  they  spread  themselves  over  tlic  low  grounds,  in  fan- 
shapeil  expansions,  like  a  mantle  of  stone,  sometimes  ten  tlion- 
sand  feet  wide,  rising  high  at  tho  centre,  and  curving  towards 
the  circnmfercuco  till  their  lower  edges  meet  the  plain. 

"Snch  is  their  aspect  in  dry  weather.  But  no  tongne  can 
give  an  adequate  description  of  their  devastations  in  one  of 
those  sudden  floods  which  resemble,  in  almost  none  of  their 
phenomena,  the  action  of  ordinary  rivorwatcr.  They  are  now 
no  longer  overflowing  brooks,  but  real  seas,  tumbling  down  in 
cataracts,  and  rolling  before  them  blocks  of  stone,  which  are 
hurled  fonvards  by  the  shock  of  tlio  waves  like  balls  shot  out 
by  the  explifsion  of  gunpowder.  Sometimes  ridges  of  peb- 
bles are  driven  down  when  the  transporting  torrent  does  not 
rise  high  enough  to  show  itself,  and  then  the  movement  is 
accompanied  with  a  roar  louder  than  tho  crash  of  thunder. 
A  furious  wind  pi-euedes  the  rushing  water  and  announces 
its  approach,  Tlien  comes  a  violent  eruption,  followed  by  A 
flow  of  mnddy  waves,  and  after  a  few  hours  all  returns  to  the 
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dreary  gilcncc  which  at  pcrioila  of  rest  marks  thes«  abodes  of 
desolation.* 

**  TIio  elements  of  destnictlon  ftre  inurcnsiiij;  in  violence. 
Tlie  devaatation  advances  in  geometrical  progression  a.^  tlie 
higliur  slopes  are  bared  of  their  wood,  and  'tlio  ruin  from 
above,'  to  use  tlio  words  of  a  peasant,  'helps  to  hasten  tlie  deso- 
lation below.' 

"  Tlie  Alps  of  Provcnco  present  a  terrible  aspect.  In  the 
more  equable  climate  of  Northern  France,  one  can  form  no 
conception  of  thoee  parched  mountain  gorges  where  not  even 
a  bush  can  be  funnd  to  shelter  a  bird,  where,  at  mrist,  the 
wanderer  sees  in  summer  here  and  there  a  withered  Uvcudcr, 
where  all  the  springs  are  dried  up,  and  where  a  dead  silence, 
hardly  broken  by  oven  tlie  hum  of  an  insoet,  prevails.  But  if 
a  storm  bursts  forth,  maseoa  of  water  suddenly  slioot  from  tlie 
mountuiu  heights  into  the  shattered  gulfe,  waste  without  irri- 
gating, deliigo  without  refi-eshing  the  soil  they  overflow  in 
their  swift  descent,  and  leave  it  even  more  seared  than  it  waa 
from  want  of  moisture.  !Man  at  last  retires  from  tlie  fearful 
desert,  and  I  liave,  the  present  season,  found  not  a  living  soul 
in  ditstricts  where  1  remember  to  have  enjoyed  hoBpitality  thirty 
years  ago." 

In  1853,  ten  years  after  tJic  date  of  BIanqtii*s  memoir,  AL  de 
Bonvillc,  prefect  of  tlic  Lower  Alps,  addressed  to  the  Govern- 
ment a  rejKirt  iu  which  the  following  passages  occar : 

"It  is  certain  Ihiit  tlio  pnxluclivo  moitid  of  tbo  Aljw,  swept 

*  Tbeae  uplaBiTe  guahoa  oC  mod  onA  rook  appear  to  be  oDOMioned  by  tbo 
carinc-''^  ■>'  Ui^  nut«M  of  'uvrth  from  Uie  hiuilu  of  tli«  lomint,  irliioh  dam 
up  tbo  Htrciun  aurl  cbflck  itR  ttovr  aatU  it  hu  aoquircd  rolamtt  enoogb  to  bunt 
tb«  b«rri«r  and  carry  nil  Imfnnj  it.  In  1837.  soch  »  radd«n  cmpUon  of  • 
faureut,  after  tbe  carrant  luut  ajiiwored  to  Lato  oeaaed,  swept  off  forty-two 
baiuea  and  dtownod  twcntir-<'iK'>t  pemowt  In  tba  villaffe  of  Gonoctin.  Bear 
GreooUe,  and  Inmed  with  rubbuih  a  i^rcat  port  of  tba  reuuuuder  of  the 

Tba  Frcndi  traTellcr,  D'Abbodte,  nlatos  pivciMilj'  nioilaz  occurronoos  M  aol 
onCbKiBCDt  iit  tbo  moimtoiu  of  Abyssinia.— Sorbll,  XKwIa,  ele.,  9d  edltloD, 
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off  by  the  increasing  violence  of  ihat  cnrfte  of  the  moontaina, 
the  torrents,  U  daily  diminishing  with  fearful  rapidity.  All 
our  Alps  are  wholly,  or  in  large  proportion,  barod  of  wcaI, 
Their  »oil,  scorched  by  the  Bun  of  Provence,  cut  up  by  the 
hoofs  of  tho  shoop,  which,  nut  finding  ou  the  surface  the  grflfi:3 
they  require  for  their  Bustftuanne,  gnaw  and  scratch  the  ground 
in  search  of  roota  to  satisfy  their  hunger,  ia  periodically  washed 
and  carried  off  by  mcltiug  snows  and  Buntmcr  storms. 

**  I  will  not  dwell  on  the  effects  of  the  torrents.  For  aixty 
years  tliey  have  been  too  often  depicted  to  require  fo  be 
further  discusi^icd,  but  it  i&  imjmrtaut  to  sbiiw  that  tlicir  ravages 
are  daily  extending  the  range  of  devastation.  Tho  IumI  of  the 
Durance,  which  now  in  some  places  exceeds  a  mile  and  a 
quarter  in  widtli,  and,  at  ordinary  times,  has  a  current  of  \rater 
lc«6  rh.an  eleven  yards  wide,  showtt  something  of  the  extent  of 
tiiO  damage.*  Where,  ten  years  ago,  there  were  still  wood*  and 
cultivated  grounds  to  be  seen,  there  is  now  bnt  a  vaet,  torrent; 
iJiere  is  not  one  of  our  mountains  which  has  not  at  least  one 
torpent,  and  now  ones  are  daily  fanning. 

**  An  indirect  pixwf  of  tho  diminution  of  tho  soil  is  to  \tQ 
found  in  tho  deiwi])ulatiou  of  tlie  country.  In  1852  I  reported 
Vj  tho  General  Cuuiicil  that,  according  to  tho  census  of  that 
year,  the  poptdation  of  the  department  of  the  Lower  Alps 
liad  fallen  oS  no  loss  than  b,Oi)0  aouls  in  the  five  years  between 
1S46  aud  ISSl. 

^  Unless  prompt  and  onorgctie  measures  are  taken,  it  is  easy 
to  fix  the  c|>och  when  tho  French  Alps  will  be  but  a  deeort 
The  interval  lictweoii  ISol  and  1S5C  will  show  a  further  de- 
crease of  ]>opulation.    In  1862  tl»e  ministry  will  annonnoo  a 

*  In  the  dftji  of  Lbe  Roituin  Empire  the  Danuioe  «M  *  uaTicabla,  or  at  lauB 
■  boktable,  river,  with  a  oommeroe  ao  importaiit  that  the  bdafetaeD  apon  ife 
Canned  a  diatinot  ooiporation. — Ladocckxtk,  Iltttoin^  «(&,  dM  n(MU*  Alpft, 
P.3S4. 

Even  aa  earl;  aa  1790  the  Dunuioe  waa  oompato^  to  liavo  already  covered 
whh  ftavsl  and  pebbles  not  t««B  than  130,000  went,  "  which,  but  for  it«  inua^ 
datkoa,  would  have  bean  Uie  flneat  land  in  tbe  pEonnoe." — Aarucu  YoCNd, 
TVveifa  in  Frame,  vol  L,  oh.  L 
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continued  aud  progressive  reduction  in  tbe  number  of  acres 
doviited  to  agriculturo;  every  year  un'll  aggravate  the  evil, 
and  in  half  a  oentnry  Fr&nue  will  count  more  niiofi,  and  a  de- 
partment the  less." 

Time  has  verified  the  prcdictioijB  of  De  BonviUe.  The  later 
census  returns  ^huvv  a  pn^tj^rcssLve  diiniiiutioii  iu  the  population 
of  the  departuienta  of  tlie  Lo\rcr  Aljis,  tha  IsiJrc,  Dronie, 
Ari6^o,  tlie  Upper  aiui  tlic  I^wer  P\'rcneofl,  Ix«zoro,  tlio  Ar- 
dennes, Doubs,  the  Voeges,  and,  in  rfmrt,  in  all  tlio  provinces 
fomierly  remarkable  for  their  foresta.  Ting  diminution  is  not 
to  t>e  asmbed  to  a  paseion  for  forei^^i  euiigmtion,  as  iu  Ireland, 
and  in  parts  of  Germany  and  of  Italy ;  it  is  simply  h  transfer 
of  population  from  one  part  of  Uie  empire  to  another,  fi-om 
soils  which  hnman  folly  has  rcnderod  miinbabitablo,  by  ruth- 
leesly  dcpnnng  them  of  their  natural  advanta[rca  and  socuri- 
tiea,  to  provincca  where  the  face  of  the  earth  was  so  formed  by 
nature  as  to  need  no  such  safeguards,  and  where,  consoriuently, 
she  preserves  her  outlines  in  spite  of  the  wastefid  imj^rovidenco 
of  mail.* 

Ii^oodt  of  the  Ardedte. 

The  River  Ardeche,  in  the  French  department  of  that  name, 
has  a  perennial  current  in  a  uonsitlerable  jtart  of  its  eonrse,  and 
tlierefore  is  not,  technically  spealiing,  a  torrent;  bnt  the  ]»ectdiar 
character  and  violence  of  its  fl<-MKls  is  due  to  the  action  of  the 
torrenta  which  discharge  theuiselves  into  it  in  its  np[)er  valley, 
and  to  the  rapidity  of  the  flow  of  the  water  of  precipitation 

*  BtfetrMil  18B1  Ukl  16S6  Um  population  of  Langnadoo  and  ProvenCQ  had 
Incnaaed  b^  101,000  oonls.  Tha  Bngmcntation,  hoirerer,  van  whollj  ia  Um 
pn>Tinc«0  o(  the  pUuoa,  where  aU  the  principal  ddoi  are  found.  In  UieM 
pronnocM  tbe  incraam  w«a  304,000,  while  in  the  moontklo  prorlncea  there  wm 
a  dlmiiiDtioD  of  103,000.  Tbe  redaction  of  tlie  area  of  arable  land  is  pexhapB 
evco  more  atrildtig.  In  1813  the  doparbnent  of  the  Lower  Alpa  powiewed 
00,000  baotazea,  or  nearly  245,000  aore^  of  onltirstod  loiL  In  19S2  it  hod 
bob  74,000  hectaica.  In  other  word^  in  ten  yoots  SS,000  hectam,  or  01,000 
asre»,  hod  b«en  waahed  away,  or  reudered  wortblcsa  for  oolUvmUoo,  1^  totzeati 
and  the  abases  of  paatoinge. — Clav^  £tHtta,  pp.  00,  17. 
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^om  tho  surface  of  a  liasin  now  nlmost  bared  of  its  once  luxu- 
riant wwkJs.*  a  uotice  of  tticse  flixjda  may  therefore  not  iiia^>- 
propriately  be  introdnced  in  this  place. 

The  iloiMlti  of  the  Ardiche  and  otlier  mountain  etreains  are 
attended  with  greater  immediate  danger  to  life  and  property 
than  those  of  rivers  of  lesa  rapid  flow,  because  Oieir  uurrentH  are 
more  impetnon8,and  they  rise  more  suddLnly  and  witli  !i«6  pre 
vious  warning.  At  the  earae  time,  tlieir  ravages  are  contined 
witliin  narrower  Hniits,  the  waters  retire  sooner  to  their  accus- 
tomed clioimel,  and  the  danger  ia  more  qiiinkly  over,  llian  in 
the  ca£e  of  innndatione  of  larger  nvers.  The  Artl^elie  drains 
a  basin  of  600,23$  acres,  or  a  little  less  than  nine  hundred  and 
thirty-eight  square  miles.  Its  rcmotcflt  source  is  about  seventy- 
five  miles,  in  a  straight  title,  from  it^  juuutir)n  with  the  Ilhonc, 
and  springs  at  an  elevation  of  four  UiotiKand  feet  above  that 
point.  At  the  lowest  stage  of  tlic  river,  the  bed  of  the  Cbasscjuii;, 
its  laj^est  and  longest  tributary,  is  in  many  places  completely 
dry  on  tlie  surface — the  water  being  suAicient  only  to  supply 
the  subterranean  channels  of  infdtration— and  the  Ardicho  it- 
self is  almost  everywhere  fordable,  even  below  the  niouih  of 
the  C^ai>f«7.ac.  But  iu  floods,  tlie  river  lias  somutlmos  risen 
more  than  sixty  feet  at  the  Font  d'Arc,  a  natural  arch  of  hn-o 
hundred  feet  chord,  which  spans  the  stream  below  its  junction 
with  alt  it^  important  aOluents.  At  the  helglit  of  the  innnda- 
tion  of  1S57,  tbo  qmintity  of  water  pjtselng  this  j>oint— after 
deducting  thirty  per  cent,  for  material  transported  with  tlie 
current  and  for  irregularity  of  flow — was  eitimated  at  8,S45 


*  The  oriftoal  foraiU  Is  wbleh  ibe  twin  of  the  Aidjibb«  wbb  rich  b&re  been 
npitUj  dimpp«uiDg  (i^r  mui;  yean,  and  Ui«  t«rn8o  riol«oc«  of  tb«  iiiuiidn- 
tioDS  wliloh  are  now  lnjrlnjf  iC  waste  ia  uoritied,  Iqr  the  ablest  mveotiifntoii,  to 
that  ouiw.  In  on  uti«l«  luMrted  in  the  Anitaiaa  ^^tttUna  lot  lH4:t,  quut^tl 
ij  Hohenatein,  Ihr  Wabl,  \k  177,  it  ia  B«id  th&t  Bl>oot  oae-thml  of  Iba  m*^ 
of  til*  doptirtnient  Iuu3  alrcad;  become  abaoliitclj  biuTKn,  in  oonsrtinfiiioo  of 
elearing,  and  that  tba  daitmotioa  of  the  wood*  wai  rtill  going  on  with  giMb 
xqriditr.  N«w  torrent*  were  cooBtantlr  fumiing,  and  they  wen  cjilinial^d  to 
hste  ooreied  men  than  70,000  acnw  of  good  land,  or  one-eigbth  of  the  «»> 
fkos  of  Che  dopartnaeDC,  with  ibiicI  and  gnveL 
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cubic  yania  to  tlic  ecoond,  and  between  twelve  o'clock  at  noon, 
ou  the  lOth  nf  tiM^plembcr  of  tli.it  year  and  ten  oVloek  tlie  next 
morning,  iho  water  disdiarf^d  throngh  tho  passage  in  qneslion 
amounted  to  more  than  450,000/K'O  cobic  yards.  This  quan- 
tity, distributed  equally  thniuj^h  the  bastu  of  the  river,  would 
cover  its  eiitire  area  to  a  dyptli  uf  mure  than  five  incliefl. 

Tlie  Ai-diicho  rises  so  suddenly  that,  in  tlie  inundation  of 
184fi,  tho  women  who  were  wasliing  in  tho  bed  of  the  river  hail 
not  time  to  save  their  linen,  and  barely  escaped  with  their 
lives,  though  they  instantly  fled  upon  hearing  tho  roar  of  the 
approaching  flood.  Its  ^rate»  and  tlioi^  of  Its  afllueiits  fall 
ahncat  as  rapidly,  for  in  less  than  twenty-four  hours  aflr.*r  tho 
i-ain  has  ceased  in  the  Cuveimes,  where  it  rises,  the  Ajdct-he 
j^tums  witliin  its  ordinary  channel,  even  at  ita  junction  with 
tho  Rhone.  In  the  flood  of  1T72,  tlie  water  at  La  Beaunie  da 
Kuomti,  un  the  Bcaumc,  a  tributary  of  the  Ardcchc,  rot*  tlurty- 
five  feet  abo\*c  low  water,  but  tJie  stream  was  u^ain  fonlable 
on  tiie  evening  of  the  same  day.  Tlie  inundation  of  1827  was, 
in  tliis  respect,  exceptional,  for  it  continued  three  days,  during 
which  period  Uie  Arddche  poured  into  the  lilione  1,305,000,000 
cubic  yards  of  water. 

The  Nile  delivere  into  the  sea  101,000  cubic  feet  or  3.741 
cubic  yards  per  second,  ou  an  average  of  the  whole  year.  * 
This  is  eqTial  to  323.222.100  cubic  yards  per  day.  In  a  single 
day  of  HixhI,  then,  tho  Ardficho,  a  river  too  insignificant  to  I>e 


•  sir  Joirx  p.  W.  HmucuEL,  cilio^  Tolabot  m  his  anUiorir;,  PAj/tical 
UwarrtjiJt^  (24 1. 

In  ui  elalxirate  pAper  on  "  IrrigiUioo,''  printed  ta  the  VntUi  Stntf  JKitttU 
Report  tax  I860,  p.  169,  it  ia  BtatMl  thtit  the  Tntame  of  water  pouroti  into  the 
MrditdrraiMaui  by  the  Kil«  hi  tw-eutjr'four  hotm,  at  low  vrat«-r,  m  ISO.IMS,- 
S98^S  imbio  to^tTM  ;  nt  lilyh  imCer,  7oa,!tl4.)tti7,440  culilo  metres.  Taking 
lbs  nuuui  of  Uiewe  two  niunbecii,  the  &'r«nv«  dnilj  deliver]-  of  th«  Kile  wqdUI 
be  488,081, 090,806  oablo  mStren,  ocmon  than  ■UO.ftOO.UOQ.Ono  ouUo  yards. 
Than  to  mmim  noonnoai  miMalu,  prohetbtjr  a  t7po|rrapfaicaI  error.  Id  thia  itate- 
maiit,  which  makm  tbe  dallveiy  of  lbs  XUe  seveiktecD  hondrod  ttmea  aa  great 
aaoomputAd  bf  Tnhboi.  and  mora  thiui  phrrical  freoEraphcrs have  eatimated 
tba  qnaatity  njitlied  by  all  tho  riron  on  the  face  of  the  globe. 
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tnown  except  in  the  local  topography  of  Franoe,  contributed 
to  the  Rhone  once  and  a  half,  and  fur  three  eonseeutive  days 
once  and  one  tliird,  as  much  as  the  average  deliver}-  of  the  Nile 
durintr  the  flame  periods,  though  tlie  hm'tn  of  the  luttcr  river 
probably  oontaiiis  1,000,000  square  miles  of  surface,  or  more 
than  one  thousand  timos  as  much  as  that  of  the  former. 

The  average  annual  precipitation  in  the  basin  of  the  Ar* 
d&;he  is  not  greater  than  in  many  other  parts  of  Enrope,  bnt 
excessive  quantities  of  rain  frequently  fall  in  that  valley  in  the 
autumn.  On  the  0th  of  Outolicr,  1837,  there  fell  at  .loyeuse, 
on  the  Beaiune,  no  less  than  thirty-one  inches  between  three 
iiVloek  in  the  iiiorniug  and  midnight.  Such  facta  as  this  ex* 
plain  the  extraordinary  snddenne^  and  violence  of  the  floods 
of  the  Ard^che,  and  the  basins  of  many  other  tributaries  of  the 
lUione  exhibit  meteorological  phenomena  nut  less  remarkable.* 

*  Tbe  Dno,  n  torrent  oraptjing  into  the  Iii^  a  Utile  below  Grcooble,  boa 
dlMcliarged  0,340,  the  !»£»,  which  r<!c«ivca  it,  7,900  cuhio  Tordft,  and  tb« 
Pnnuice,  aitove  lU  Jtmotlon  with  tha  Itidre,  mn  eqiu]  qoanti^,  peraaoond. — 
SIO!(Ti.nai?rr,  yote mr  let  DettMMtmta,  «te.,  Aitnatttddt  P»iUi  tt  Ckaumiea, 
18S.1,  Sino  ii^miwtio,  p.  28S. 

Tlw  Upp«r  Itbonfl,  whudi  droiiu  ■  bouo  of  aboab  1)900  sqoan  milaa,  Ei)ohid> 
ing  •ovoatj-ono  gUden,  noeim  many  torrenUal  affluenta,  and  rmln-ntoniui 
SDil  thawi  an  MmslunM  oxteonTe  anongh  to  aff«ob  th«  wbo1«  iributarjF 
i^i^eto  of  its  nAJTOw  t&llejr.  Id  mob  ohmm  it*  current  mrell«  U>  a  C*"' 
voliuns,  bat  prcrlotuly  to  tb«  floods  of  tbt  ■ntunnof  1808  it  was  iHTor  known 
to  maeh  a  diaebargo  of  3,600  esUo  janla  to  the  aooond.  On  tb«  38tb  of  Sap- 
tamber  in  that  year,  bowC7«t,  ita  daltvsi;  amonatad  to  &.700  eablo  yatda  to 
tli«  aeetmd,  which  in  about  equal  to  tho  mean  diaohaige  of  th«  Nttf>. — BuHehtt 
der  JSpperUn-CommiiMim  Qbtr  AU  CMtnaitemnmtMStn  <nt  JoAr  1868,  pp. 
374,  175. 

Tlie  flooilfl  of  itotne  oth«r  Fretiub  ri<rer»,  wbiofa  harn  a  more  or  !«•■  tomn* 
tial  chnnu)t<'r,  aearcftly  (all  behind  thoM  of  the  Rhone.  The  I^oiro,  ahov« 
Boannc,  haa  a  Ixwiu  of  3,471  M|iiaro  railea,  or  abont  twice  and  a  half  thn  nr«Mi 
of  tliatof  the  ArdAcbe.  In  aome  of  ita  inoBdatiooa  ii  baa  delirered  abora 
0,500  cnbfojants  par  mooDd,ac  400  tisieaitaioir-watardiBcfaatK». — Dblaraxd^ 
HerinJIuenetttetf^^Nlt.'tc.tAtuiatadaiPmtaetCAaiiJmtm,  IBU,  lerafiaM^ 
tro,  p.  IS.  notoi 

Th«  onlinftrr  low-wat«r  diMhiug*  of  Iba  Seine  at  Paiia  ia  oenriy  100  caUa 
yanU  |>cr  acNXind.  Bolgnuid  give*  a  list  of  eight  floo<ls  of  Ant  rirer  within 
tb«  laat  two  centoriea,  in  which  it  baa  deltrered  thirty  timea  that  (lOAntit/. 
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The  nhouc,  tlicrcforQ,  is  naturally  subject  to  great  and  sudden 
inundations,  and  the  sanio  remark  may  bo  a|iti1iod  to  m<Jtit  of 
the  jirinr.iiift]  ri vers  of  Kranue,  bet^atifte  the  geographkul  char- 
acter of  all  of  theoi  is  approximately  the  same. 

The  volume  of  water  in  tlic  floods  of  luoet  gi-oat  rivers  is  dc 
teniiitied  by  tlie  degree  in  wliicli  Om  iiiiiudntions  of  (lie  differ- 
ent tributaries  are  cxiiiifideiit  in  tiuin.  Were  all  tbi'  allliienta 
of  the  Lower  Klione  to  pour  their  highest  annual  floods  into  its 
channel  at  once — as  the  smaller  tributariee  of  the  Upper  Rliono 
somoltme»  do — were  a  dozen  Nilca  to  emptj-  tbomsclvi-ft  into  its 
bed  at  tlie  ftarne  moment,  its  water  would  rise  tn  a  height  and 
rush  with  an  im])etU)>  that  would  sweep  into  the  Meditci-ranimn 
the  entire  population  of  its  banks,  and  all  t!ie  works  that 
man  has  erected  upon  the  plains  which  border  it  Cut  sueh  a 
eoincidenee  can  never  happen.  The  tributurit's  of  tliia  river 
run  in  verj' different  directions,  and  some  of  them  are  swollen 
principally  l)y  the  melting  of  the  enowa  ahont  their  sonrces, 
others  alnioat  exclusively  by  lieavy  rains.  When  a  damp  pouth- 
east  wind  blows  np  the  valley  of  the  Ard<^chc,  its  moifiture  is  con- 
dense<l,an(1  preclpitutod  in  a  deluge  uixin  tlio  niouiitains  which 
embosom  the  headwaters  of  that  stream,  thus  prrxliicinga  flixHl, 
while  a  neighl)oring  basin,  the  axis  of  which  lies  tniiisversely 
or  obliquely  to  that  of  tlie  Ardeche,  is  not  at  all  affected.* 

*  "Tbete  is  no  example  of  %  coinddeoce  botveeco  great  floods  of  tb«  i 
ArdJohn  nnd  of  the  lUinne,  nil  the  known  uinn<Utioos  of  tbe  former  bArinff ' 
takaai  pUoe  when  the  latl«Tw-uTei7low.*^—HAnDioHT,  Mhaotr*  mir  k$  Imn^ 
AtiiarunUt  RiH^rtmderArft>eAf,p.  Hi. 

Tba  mtuft  obaerrfttlon  mny  bo  app)ted  to  the  tribotAriea  of  tbe  Po,  thvir 
flooda  betn^  generally  BUt-oeauTe,  not  contomponnecms.  Tbe  HnrelUog  of  the 
affioeat*  of  the  Amiuon,  and  indood  of  most  lni:g;o  riven,  is  rrgulatcd  b^  a 
Blmllar  law,     Soe  MKraEDAOLlA,  Anatitt  dttP  oprra  di  CAamptcn,  rto.,  p.  109. 

Tbe  Hoode  of  the  effln^nte  of  the  Tiber  form  en  exception  to  thit  Ikw,  being 
geaeraDjr  eoinoident,  and  thia  is  one  of  the  explanAtions  of  the  trequencj  of 
deilniotiTe  tnnndatdooe  in  that  river.— LoHRAJtomt.  Uuida  eJUt  Studio  itIP 
Idnb/fia,  S.  88 ;  aame  uitliar,  Baame  de^H  siudi  «uJ  Ttttre. 

It^e  thb ooeaiioa to  acknon-ledjre  mfiielf  indi^lited  to  Mnnlignj'i  Intereit- 
tnf  memoir  Jnat  quoted  for  all  the  statementfi  1  make  T«q>ecting  the  floods  of 
tbe  Arddeh*,  «KN|lt  tbe  compari»on  ot  tbe  Tolnrav  of  ila  wfttwa  with  tbafc  of 
the  Nile. 
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It  10  easy  to  eee  that  tbe  damage  occasioned  by  Biich  floodiM 
I  have  described  must  be  tilmoet  incalculable,  aiid  it  Is  by  ni> 
means  confined  to  the  effects  produced  by  overflow  and  tbe 
niccbanic'^l  force  of  the  su[>orficiaI  currents.  In  treating  of 
tlie  dovastatioafl  of  torrenta,  I  have  hitherto  confined  myself 
principally  to  tho  erosion  of  siirfiM'C  and  the  transportation  of 
mineral  matter  to  lower  gronnd?  by  thcin.  The  general  action 
of  torreuta,  as  thus  far  aliowii,  tends  to  tlie  ultimate  elevation  of 
their  beds  by  tbedojMwit  of  the  wirth,gmvel.ftnd  stone  conveyed 
by  tliem ;  bnt  imtil  they  hare  thns  niisod  their  outlets  so  as  sen- 
sibly to  diminish  the  inclination  of  their  channels — and  Bome- 
tinicfl  when  extraordinary  floods  pive  the  torreuta  momentum 
enough  to  sweep  away  the  acciimulutioua  wliieh  they  have 
theniselvcs  heaped  up — tho  swift  flow  of  their  currents,  aided 
by  the  abrasion  of  the  rolling  rooks  and  graral,  scoo|)S  their 
beds  constAntly  deeper,  and  they  confvqnputly  not  only  under- 
mine tlieir  banks,  hot  frequently  sap  the  mo^t  nA'id  foundations 
which  the  art  of  man  can  build  for  the  support  of  bridges  and 
brdraulic  structures.* 

Id  tho  inundation  of  1S57,  the  Ard^h«  destroyed  a  stone 

*  In  aouia  oun  vrhera  tbe  bed  at  rapid  Alpine  Btwanii  ia  oompoaad  of  rerj 
h*r<l  rook — u  ia  tlio  com  In  miuif  of  the  vmllcyB  oooo  filled  by  nnctent  j^kcinn 
— cod  •■paoialljr  whure  thvjr  an  f«d  b^  glaoien  not  ovvrbiuiff  by  cmmblinf 
cIUTb,  Um  fllunnet  niB7  reiii»iti  Hlraoit  a&ebangod  tar  oentniiM  Tbi»  m  obMerv 
Me  in  manj  ot  the  tiibat&hus  oE  ttia  Don  BkibM,  whiob  dimioa  tho  Tnllt;;  of 
AoHlA.  Serend  of  tti<-W!  hoioll  rivDn  are  qiuned  by  more  or  Ifvw  iiurfeot 
fiomtui  bridge*— oa«  of  wMcli,  that  over  the  Lji  at  Fuut  St.  Uortui,  ia  vtiU  In 
good  repair  and  In  oaaatant  iwe.  An  exanhution  of  the  rookji  on  which  tlM 
obnlmttDt*  of  thia  and  tona  otbei  BimllHr  lirQctauw  an  foonded,  and  of  tb« 
ubaijncln  of  tbe  riven  they  oro«a,  ahowa  that  tbu  bods  of  tlia  ■troama  atiuot 
haw  b««a  miit-h  ele?ated  ord«i>re«*od  «luoe  tbe  l^ridgva  were  built.  lo  oLhox 
uaaes,  aa  at  the  ontlet  of  tbe  Val  Toumauobe  at  Chutillun,  wbera  a  ^gle  rib 
of  a  Boman  bridge  atOl  remains,  tbore  ia  nothing  to  ftTrttld  the  mppodtlQa 
that  tbe  deep  eaoavatjon  of  tbe  obaoni;!  may  have  l>»an  partly  elfeoted  at  ■ 
much  later  period. 

The  Iloman  aquednot  known  aa  the  Pont  da  Qnid,  near  NlBmea,  waa  bnilt, 
is  »1\  probability,  nineteen  oentnrioe  ago.  Tbe  bed  of  the  river  Oardoo.  a 
ratlier  awift  stream,  which  flowi  benaath  it,  oan  hare  aiilTered  bat  a  aligfafe 
depmMioQ  ainoe  the  pierv  of  the  aqaedoot  were  fouaded. 
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bridge  near  La  Bcautne,  whicli  hwl  bccii  bniU  alwwt  eightj*  years 
before.  Tbe  rosist&noo  uf  the  piore^  which  were  erectoil  on  {lilcs, 
the  channel  at  that  point  b«in<r  of  grftvol,  produced  an  eddying 
current  that  washed  away  the  bed  of  the  river  al>ove  them,  and 
tlic  fonndation,  thna  deprived  of  lateral  eiippurt,  yielded  to  the 
weight  of  tlio  bridge,  and  the  piles  and  piers  fell  iip-eti-eam. 

By  a  euriouB  law  of  compeni^ation,  the  stream  which,  at  flix»d, 
BooojM  out  cavities  in  ita  bed,  often  tilU  them  up  again  a&  aoon  as 
tlie  diminished  velocity  of  the  current  allows  it  to  let  fall  the 
sand  and  gravel  with  which  it  is  chai^d,  so  tliat  when  the 
wateni  return  to  their  iwual  clianncl,  the  bottom  shows  no  sign 
of  liHviiig  been  disturbed.  In  a  iloud  of  the  E^coutny,  a  tribu- 
tary of  the  Rhone,  in  1S4G,  piled  driven  feixte«n  feet  into  its 
gravelly  bod  for  the  fonndation  of  a  pier  were  t^i-n  up  and  car- 
ried off,  and  yet,  when  the  river  had  fallen  to  low-water  mark,  iho 
ttottuni  at  that  jiuiiit  ap].>earc4l  t^j  liuvt;  been  raittcd  higher  than 
it  wae  before  the  flo^^id,  by  now  dcpoeitg  uf  sand  and  gravel, 
while  ttic  cut  stones  of  the  half-bnilt  pier  were  found  buried  t* 
a  great  depth  in  the  cxcavatidn  which  the  water  had  firAt  washed 
out.  The  gravel  witli  which  rivers  thus  restore  tlie  level  of  their 
boiU  is  principally  derived  fn.nn  the  criiitbing  uf  the  riKiki  br^tught 
down  by  the  mountain  torrents,  and  tho  destruetive  effects  of 
inundations  are  immensely  diminished  by  this  reduction  uf  large 
stones  to  minute  fragments.  If  Uie  blocks  hurled  down  from 
the  cliffs  were  transported  unbroken  to  the  channels  of  large 
rivers,  tbe  mechanical  force  of  tlieir  movement  would  bo  in"e»t8t- 
ible.  Thoy  would  overthrow  tho  atronge-at  barriura,  spread 
themselves  over  a  surface  as  wide  as  tlm  How  of  the  waters, 
and  convert  tlie  most  smiling  ^-alleys  into  scenes  of  tbe  wildest 
desolation. 

Aa  I  have  Iwforo  remarktHl,  I  have  taken  my  illustrations  of 
the  action  of  ti>rrent6  and  mounUiin  streams  principally  from 
French  authorities,  bcfause  tbe  facts  reoni-ded  by  thetn  are 
chiefly  of  recent  occurrence,  and  as  they  have  been  collected 
with  much  care  and  described  with  great  fulness  of  detail,  the 
information  furnished  by  them  v  not  only  more  trustworthy,  but 
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botli  more  complete  and  mora  accessible  than  that  which  can 
be  gathered  from  aiiy  other  soureo.  It  is  not  to  bo  suppoecd, 
hoirevor,  that  the  c<)nntric8  ai^jatxsnt  to  Fnuico  have  C8(;Hi>ed  tlio 
conseqiU!iicc8  of  a  iiko  i[nprovidence.  The  eoutheni  flankfi  uf 
the  Alp?,  and,  in  a  less  degree,  the  northeni  slope  of  thtise 
moautains  and  t!»e  whole  chain  of  the  Pyrenees,  affoi-d  tMjuaily 
Btrikiu^  exatuplcs  of  the  oviU  ruaultiu^  from  the  wanton  sacritice 
of  nature's  safeguards.  But  1  enn  afford  space  for  few  details. 
and  as  an  illuetmtion  of  the  extent  of  tlieeo  evils  in  Italy,  I  &liall 
barely  observe  that  it  was  calculated  ton  years  ago  tliat  four- 
tentlis  of  the  area,  of  the  Ligurian  provincca  liad  been  wAshed 
away  or  rendered  Incapable  of  cultivation  ia  uonecquouce  of  the 
felling  of  the  woods.* 

Highly  colored  afi  tliese  picture*  seem,  they  are  not  exagge- 
Toted,  although  the  has^*  touriet  thi-otigh  Strtirhem  Franno. 
tjwit7^rland,  the  Tyrol,  and  Northern  Italy,  finding  little  in  liie 
high-rtmd  experiences  to  justify  them,  might  sup|H#e  them  so. 
The  lines  of  coramniiieatidu  by  locomotive-lrain  and  diligeiiee 
Iwulgeiiurally  overBafergivuiid.aiid  it  isoiily  when  they  iiwend 
the  Alpine  passee  and  tniveree  the  monutain  chains,  that  Eccnt« 
Romcwhat  resemhlinp;  those  just  descril>od  fall  nnder  the  eye  uf 
the  ordinary  tniveller.  But  the  extetision  of  the  »|>here  of  de- 
vastation, by  the  degradation  uf  (he  mountains  and  the  trans- 
portation of  their  debris.  Is  jiroducing  analogous  eDFocta  upon 
the  lower  ridges  of  the  Al|«  and  (he  plains  whicli  skirt  theni ; 
and  even  now  one  needa  bm  an  hour's  departure  from  some 
great  thoroDghfarcs  to  reath  sites  where  the  genius  of  destruc- 
tion revels  as  wildly  a^  in  tlio  most  frightful  nt  the  abys^ea 
which  nianqui  has  painted.f 

*  Aiumli  di  Affrieolttira,  TnduHria  t  Cmnm^reic,  ral.  L,  p.  77.  Similar  In- 
■tanriMi  of  thfl  oTosiTB  power  of  nmning  w«t«r  mi^hl  bo  cuUvotwl  by  liuuilrod* 
fniD  the  DftrrativM  of  tnT«Uen  iu  warm  ocnuicxiw.  The  cnornj  of  the  tur- 
teuU  of  Lho  Uiuudaju  is  »acli  tb&l  tb«  bioUiWB  S<4)l«^nt«r«it  b4-JieT«  iSaI 
they  will  cut  (ri>TK*'i  tlinntgh  that  lofty  ohain  widi  Boongh  to  uliaU  ib«  {mm- 
Mfe  ol  cuiTQuU  of  warm  wind  from  the  aonth,  nnd  tbsnbj*  notUfy  tli«  fiU- 
■ual«  of  tba  DonntdMi  lylrijf  to  Oie  north  of  the  mDUBtaiiM. 

t  Tho  Skalu»-Tob«l,  tot  iiutMic«,  newt  Coin.    8«*  tb«  detoripttoQ  of  ttiEi 
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There  ia  one  effect  of  the  avtlon  of  tonvnts  whiuli  few  trav- 
cllera  on  the  Contineut  are  heedless  enough  to  |>aiw  without 
notice.  X  refer  to  the  elevation  of  the  beds  of  m^xiittani  streams 
iu  consequence  of  the  deposit  of  the  dchria  with  which  tUcy 
are  chained.    To  preront  the  spread  of  sand  and  gravel  over 


utdotherlikeaoaaminBaRLBPHcn,  iMffjUfun,  pp,  109  etun-i  "^^  Sfeephea's 
Eagli&b  trnnilfction. 

About  an  hour  frmn  Thnsla,  on  Che  Bplftgen  Toat\  "  opens  the  Rwfal  oluMm 
of  the  NolU  whidi  a  buadred  yean  api  pouted  ite  peaceful  waten  through 
mniUng-  tneAdowB  protected  bj  the  wooded  iilopea  of  the  monnt«Inii.  Buk  the 
wockIa  were  out  down  and  with  them  deputed  the  rich  puttnree,  the  jinde  ot 
the  vnllej,  now  corom)  with  pllee  of  rock  uid  mbbLdi  «wept  dovm  from  the 
uoanttuait,  Thia  ramti  u  the  more  to  bo  tamented  m  it  wa«  cntiratf  otna* 
pMwd  hj  the  improridnioe  of  man  in  thinning  the  foreet*." — Uokkll,  Seim- 
t^  OvtOt  ta  3tgin«rtand,  p.  100." 

The  rcocut  dian^  in  the  chantct«r  of  Lhb  Mells— «  river  andcntlj  to  re- 
mwkable  for  the  geotlcoow  of  its  ourr«at  that  it  wu  KpeoioUjr  noUood  bj 
C«CaIhis  •■  nowing  jTwUi^wmtiu— deMnts  more  than  ■  psMing  n'muh.  Tbn 
tiTtr  n*M  in  the  mountooi-chuQ  ewt  of  Lake  Iseo,  and  travonong  the  diatriofe 
of  BreMsa,  empties  into  the  OrIio  after  a  coun>e  of  about  MTent^  taBea.  Tht 
iron-worka  iu  the  upper  niUcy  of  the  Stella  had  long  created  a  oonddendila 
d«inaii(l  for  wood,  but  their  operactooe  were  not  so  extenaire  aa  to  imrmrfirn 
any  very  eaddeo  or  geDeral  deetnotion  of  the  forests,  and  the  onljr  eril  expe- 
rieDL-«d  from  the  eloaringB  wan  the  gradual  diminution  of  the  volume  of  tb« 
rirer.  Wilbiu  thu  \Aai  thirty  ^  eon,  the  nupuriitr  quulity  of  the  armn  mana- 
factnred  at  Bteacia  haa  e^cutly  ecliiri^  the  sole  of  them,  and  vety  natnrally 
Htinnla'ad  the  aotit-ity  of  both  the  fotifeti  and  of  the  oollierawbo  itupply  tb«m, 
iuhI  the  hiUsidea  have  been  mpidly  stripped  of  their  timber.  Cp  to  1830,  no 
ileetniotiTe  iuuadatiou  of  thu  Uella  had  been  reoorded.  BuildiugM  in  great 
nnmben  had  t>ceD  erected  upon  ita  mai;gln,  and  ita  valley  waa  oooapicuoDH  for 
its  rural  beanty  and  ita  fcitility.  But  when  the  denudation  of  tha  mountaina 
had  reached  a  oertaln  point,  aveiigbig  natnre  bejpui  the  work  of  retributtoo. 
In  the  Apring  and  summer  of  1890  aevenil  w.vi  torronla  wer«  Mdde&ty  formed 
In  tJie  njiper  tribntaiy  volleja,  and  on  the  I4tb  anil  I'llh  of  Au^ost  in  that 
y«ar  a  fall  of  rain,  not  heavier  than  had  been  often  experienoed,  prodaoed  a 
flin>d  which  not  only  inundiit«iil  mnch  pround  never  before  ovurllowed,  bat 
desiroyvd  a  ipreat  Duiuber  of  bniJ|pf»,  danis,  tavtoriea,  and  other  valuable 
otmi^ttirea,  and,  what  waa  a  far  more  M-.Honv  t'vtl,  MwepC  off  from  the  rouin  on 
inniwdible  extoDt  of  eoil.  and  movertvd  one  of  the  mwt  beantiful  valltys  i4 
the  Italian  Alpa  into  a  ravlnr  nlmoat  n*  bar»  and  aa  barren  ua  the  iara({«et 
fprr^  of  Southern  Franoe.  The  peounimy  damage  waa  eathnated  at  many 
fnmi.>ti»  of  fnuus,  and  tha  vfolenos  of  the  oata«tn>phe  wm  deemed  oo  exttaor- 


AOTIOK   OF  TYiEnRNTS. 


SOS 


Ihe  fields  and  the  deluging  overflow  of  tlio  rag-iiig  waters,  tlie 
fttrcama  are  wnfiucd  by  walls  and  cratwuikinema,  whidi  are 
pradiially  built  liij^jhur  aud  higher  as  the  btiil  <iF  the  ton-eiit  is 
miiM.il,  60  tliatj  to  rencrU  a  river,  ynu  oMciid  fruin  the  fields  be- 
side it;  aud  eoiuetiiiicd  t!io  onliriary  lercl  of  the  gti-eam  ia 
ehovc  the  streets  and  even  the  ruofs  uf  the  tuwiis  throngh 
whii'li  it  i>a«se«.* 

The  ti-aveller  who  vieite  tlie  depths  of  an  Alpiue  ravine, 
olfsorvca  tlie  length  and  width  of  the  gorge  and  the  great 
height  and  ap^ii-ent  Sididity  uf  the  prtieipitonA  wnlla  wliich 
boiuid  it,  and  calciilatt^  the  in».'t>t  of  rork  itHinired  (oKII  tlic 
vacancy,  can  hardly  believe  that  the  hnnible  hrcx>klet  which 
purls  at  his  feet  has  bcou  the  principal  agent  in  acuomplishtng 
this  tremcndoiis  ert«iou.  CIo«r  ob^rvutiou  will  often  teach 
liini,  that  tlio  seemingly  unbroken  nvAt  wliich  overhangs  the 
^■filley  U  full  of  cnu-'ks  and  fiftaures,  and  really  in  sucli  a  state 

dlnuy,  CTDn  in  ft  oountry  •nbjcct  to  fllmllar  viiiltatloDft,  Lbat  the  sjmiwtby 
e»4t«>I  f<>t  the  iiaff«Fen  produoed,  In  fir*  montlu,  rolontarjr  oonlritmUoufar 
tbeir  relief  to  the  nmount  of  neattr  |300,00a— iOtftts  TnondatiMt  dd  J/ttOl, 
ite.»  imBs  aoTM  dd  14  of  15  Agotto,  1800. 

Tbe  Author  of  tliis  pamphlet  has  ohoaea  as  a  motto  ■  paam^  from  the  Vul- 
gate tntulMton  of  Job,  which  it  intrwittiig  u  aliowiDf;  noconte  obuiratiaa 
of  the  actiun  of  the  lommt :  "  Hona  cadena  deflate,  ei  aaxum  tnutafertiir  de 
luoo  mio ;  Uptilva  fixcavant  aqiua  et  aUorkoe  panllatim  tsira  coaflumitur." — 
Job  xIt.  18,  IS. 

Tb«  Ea^Uah  vBnioa  U  much  Ion  airikiar,  aud  givu  a  diflertnt  aan«ek 

The  rnocDt  <liU/>  of  the  chan^  ia  tbe  ohamctor  of  tbe  Mella  ia  oonkeatod, 
and  it  it  poaaiblo  that,  thoojb  the  extent  of  tbe  mrolutiaa  is  not  exaggwated, 
the  npldit/  with  which  U  has  takea  pluce  ma^  tutra  been. 

*  Stxefit^ac  lyautM  from  Daile  the  followiair  obeerratioBS :  **  Tb«  cbonnel 
of  the  Tjrri'Iosa  brooks  is  uftvu  raised  much  above  the  ralle^a  throoffb  whii^ 
th»7  flow.  Tbe  bed  of  tbe  FeiHioa  is  elevated  hi){h  abore  tbe  v\iy  of  Treut, 
whiuh  Uos  noar  it.  Tlie  Villetliach  flows  at  a  much  more  etcrated  lerel  than 
that  of  the  market-pUoe  of  Xennutrkt  and  Vill,  and  threatens  to  overwhelm 
both  of  tliem  with  its  waters.  Tbe  Tolfer  nt  Botaeo  is  at  least  even  with  the 
foots  of  the  adJMMiib  tows,  If  oofc  abore  (hem.  Tbe  tuwer-eteeplss  of  the 
rtUagoa  of  fidilandots,  Kartsoh,  and  Laas,  aca  lower  than  liio  auiCaoa  uf  the 
Gadriboob.  Tba  SitldiirhMh  at  Schlndema  menaoea  the  far  lower  \-illa^  with 
desLroctioa,  and  tho  oliiuf  town,  Schwoi,  is  in  dioQar  dangw  Ccoca  the  I^ha- 
bach."— SniEFrLEOB,  UtbtrtUt  H'SUMo'l^,  aba,  p.7. 
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of  disintegration  that  cvory  tn»t  must  bring  down  tons  of  it. 
If  be  compute  the  area  of  tlie  baj^in  wltich  tiuda  here  its  only 
di8churf;e,  he  will  perceive  that  a  sudden  thaw  of  the  wiiiierV 
dupubit  uf  siiuw,  iir  one  uf  those  ttfrrible  diBcliargca  o£  ruin  so 
L-omnion  in  tlie  A1pi>,  must  send  furlh  a  delugo  mighty  enough 
to  sxvcep  down  the  largeat  ma&&ee  i)f  gravel  and  vf  nmk.  The 
Eimplo  uieagnreuient  of  the  cubical  uoiitcnti^  of  tliOBoniicircular 
hillock  which  he  dimbed  before  he  entered  the  gorge,  the 
Btructure  and  eouipoBiUon  of  which  conclueively  tibow  tlmt  it 
miiet  have  bucii  washed  out  of  tliitj  luttt-r  by  turrenliul  actiuii, 
will  often  auvoiiiit  satisfactorily  fur  the  diepusul  uf  nuist  of  the 
matter  which  once  filled  tlto  ravine. 

Wlitn  a  torrent  escapes  from  the  lateral  confinement  of  its 
XQODntain  walls  and  pours  out  of  the  gorge,  it  spreads  and 
divides  itself  into  numerous  smaller  strcaitis  which  itho'tt  out 
from  tlie  moiilh  of  tlie  ravine  as  from  u  ceiit.i-e,  In  different 
directions,  like  the  ribs  of  a  fan  from  t3ie  pivot^  each  carrying 
•with  it  its  (inota  of  stones  and  gravel.  Tlie  plain  below  the 
point  of  issue  fi-om  the  nmnntain  is  rapidly  raised  by  newly- 
formed  torrents,  tlio  elevation  depending  on  the  inclination  of 
the  bwl  and  tlie  form  and  wci^'lit  of  the  matter  I niii-s ported. 
Every  flo<.Hl  both  inureiwfs  the  height  of  this  central  jmint  and 
extends  the  entire  ciitsumference  of  the  deposit. 

Other  tilings  being  equal,  the  transiwrting  power  of  the 
water  is  greatest  where  its  flow  is  most  rapid.  This  is  usually 
in  the  direction  of  tlic  axis  of  the  raNinc.  The  stream  retain- 
ing most  nearly  tJiis  direction  moves  with  the  greatest  momen- 
tum, and  consequently  transportt^  tlie  solid  matter  witli  which 
It  i»  charged  to  the  greatest  distance. 

The  nntravelled  reader  will  comprehend  this  the  Iwtter  when 
he  is  informed  that  the  southern  slope  of  the  Alps  generally 
liaes  Buddcnly  out  of  the  plain,  with  no  intervening  hill  t<i 
break  the  abruptness  of  the  transition,  except  tliosc  consisting  of 
comi»arBtivciy  small  hcii[*s  of  its  own  debris  brought  down  by 
ancient  slaciors  or  recent  torrents.  The  torrents  do  not  wind 
down  valleys  gradually  widenuig  to  the  rivers  or  tho  soa,  bat 
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leap  at  once  from  the  ilauks  of  the  mountains  npon  the  plaim 
Itclow.  Thia  arraugemcut  uf  surfaces  uaturall^'  faeilltatds  tbo 
funuatiou  of  vast  Ucposiit)  ut  their  puiittsuf  etut^rgotico,  aiiU  the 
ccnti-o  of  the  accumnlatjou  iu  tho  caee  of  very  small  twrruiils  ift 
not  iinfrc<^nGntlj  a  hundred  feet  high,  and  sometimes  vei-y 
inoch  more. 

The  dopoaits  of  tlic  ton-cut  which  has  scooped  out  the  Kant- 
2cn  Thai,  a  couple  of  miles  below  Bricg  in  tho  Yalais,  havo 
huilt  up  u  seiiitcirculnr  hillock,  which  iiioet  travoUere  by  tlie 
Simplon  routo  paee  over  withont  even  noticing  it,  ttioiigh  it  is 
little  inferior  in  dimeneiona  to  tho  groat  cones  of  dejection 
described  by  Blanqni.  The  principal  course  of  the  torreut  hav- 
ing been — I  know  not  wliether  siwutaneously  or  artiCcially — 
diverted  towards  the  west,  the  eastern  part  of  tlic  hill  has  been 
gi-adaally  bi-oiight  under  cnltivation,  and  there  aro  many  troea, 
tiolds,  and  housca  wpon  it ;  lint  tho  lar^r  wesloru  part  is  furrow- 
ed witli  channels  diverging  from  the  summit  of  the  dojKsit  at 
the  cutlet  of  the  Naiit/en  Tlial,  which  serve  aft  tho  Wds  uf  th© 
water-courses  into  which  the  torrent  haa  divided  itself.  All 
this  portion  of  tbo  hillock  is  subject  to  iimndalion  after  long 
and  heavy  rain,  and  as  I  saw  it  in  tho  great  ^006  of  October, 
1SC0,  aUnost  its  whole  surface  seemed  covered  witli  an  unbroken 
sheet  of  rushing  water. 

Tlic  semi-conical  deposit  of  dctntus  at  tho  luouth  of  the 
Litziierllial,  a  lateral  branch  of  tlio  valley  of  the  Adige,  at  the 
point  where  the  tonent  pours  out  of  the  goi^,  is  a  thousand 
feet  high  and^  nica-miring  along  the  axis  of  the  principal  current, 
two  and  a  half  titiU>s  long.*  Ttic  itolid  material  of  thitihilUM--k — 
which  it  is  hardly  an  exaggeration  to  call  a  mountain,  the  work 
of  a  single  insignificant  torreut  and  its  tributaries — im-lnding 
what  Uie  river  which  waahes  its  base  haa  carried  off  in  a  com- 
paratively few  years,  probably  stirpasses  the  mass  of  the  stu- 
pendous pyramid  of  the  Matterhonh 

In  valleys  of  ancient  geologioal  formation,  which  extend 


*  SomcLAB,  JXf  OtmSattr  a^irgtgrufptt  1«(II,  p.  33t. 
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convert  it  into  a  source  of  overwhelming  deflation  to  the 


uito  tlio  very  heart  of  tho  mountains,  the  etreains,  though 
rapid,  have  often  lost  the  true  torrential  ehnractcr,  If,  indeed, 
they  ever  posceMod  it  Their  beda  have  become  approximate- 
ly constant,  and  their  walle  no  longer  crumble  and  fall  into  the 
waters  that  wash  their  basua.  The  torrent-\ruru  ravines,  oi 
whicli  I  have  spoken,  are  of  later  date,  and  belong  more  prop- 
erly to  what  may  be  called  the  cruet  of  the  Alps,  consisting  of 
loofte  nxjkii,  of  gravel,  and  of  earth,  Bircwed  along  the  gnrface 
of  the  great  declivities  of  the  central  ridge,  and  accum;ilated 
thickly  between  their  solid  buttressed.  But  it  is  on  this  crust 
tliat  the  mountaineer  dwells.  Hero  are  his  forests,  here  his 
pasttireA,  and  the  ravages  of  the  torrent  botli  destroy  his  world, 
and 
plains  below. 

I  do  not  mean  to  assert  that  till  the  rocky  valleys  of  the  Alps 
havo  been  produeod  by  the  action  of  torrents  resulting  from 
the  destruction  of  the  forests.  The  gi-cater,  and  many  of  the 
smaller  channels,  by  which  tliat  chain  is  drained,  owe  thoir 
origin  to  higher  causes.  They  are  primitive  fissures,  ascribablo 
to  disruption  in  upheaval  or  other  geological  convulsion, 
widened  and  scarped,  and  oflttii  even  iKihshed,  so  to  sin'ak,  by 
the  action  of  glaciers  during  the  ice  period,  and  but  Mttio 
clianged  in  fonuby  running  water  in  Iiitereras. 

It  has  been  contended  that  all  rivers  which  take  their  rise  iu 
mountains  originated  in  torrent^i.  These,  it  is  eaid,  have 
lowere<l  the  6ununit£  by  gradual  eitision,  and,  with  tlie  material 
thus  deriwd,  have  formed  shoala  in  the  sea  which  once  l>oat 
against  the  clilfs ;  tlien,  by  succesaive  deposits,  gradimlly  raised 
them  aljove  the  surface,  and  Ixnally  expandeil  tliem  into  bnjad 
plains  traversed  by  gently  llowing  streams.  If  wo  could  go 
back  to  earlier  geological  periods,  wo  should  find  this  theory 
often  verified,  and  we  cannot  fail  to  see  that  the  torrents  go  on 
at  the  present  hour,  depressing  still  lower  the  ridges  of  tlie 
Alps  and  the  Apenninea,  raiding  still  higher  the  plains  nf  I^mi- 
banly  and  Provence,  extending  the  cuast  stttl  farther  into  tlte 
Adriatic  and  the  Mediterranean,  reducing  tlie  inclination  of 


their  own  beds  and  the  rapidity  of  their  ilow,  atid  ibuB  teiidinf; 
to  become  m'cr-Uko  in  diai-actor. 

We  caiinot  measuro  tlio  almro  which  httmnn  action  lia9  hud 
in  aiigincuting  the  intcnsitj  of  vaiiff^of  inoimtalti  dtij^radiUion, 
and  of  the  formation  of  plains  and  marsbes  below,  but  wc  knou- 
tUat  tlio  clearing  of  the  woode  has,  in  some  ca^s,  pro<lnccd, 
vitMu  two  or  three  generatiund,  effects  as  blastiu^  as  thuee 
gctiernllv  iiscnbed  to  geological  convolsions,  and  has  laid  waste 
the  face  uf  the  earth  more  liDj>ele88ly  than  if  it  had  been  buried 
bj  a  cnrrent  of  lava  or  a  shower  of  volcanic  Band.  Now  tor- 
rents arc  forming  every  year  in  the  Alps.  Tradition,  written 
reourds,  and  analogy  concur  to  establiab  the  belief  that  tlio 
ruin  of  most  of  tho  now  dctu^late  valleys  in  those  niountiiins 
is  to  be  ascribed  to  tho  same  canso,  and  authentic  do*crip- 
tions  of  the  irresistible  force  of  the  torrent  *ihow  that,  aided  by 
frost  and  heat,  it  ia  adcqaato  to  level  Mont  Blanc  and  Moute 
Bosa  themselves,  nulcas  new  upheavals  shall  maintain  their 
elevation. 

Tltere  are  cases  where  torrents  cease  their  ravages  of  tliom- 
selves,  in  cfmseqnence  of  some  change  in  tho  condition  of  the 
basin  where  they  originate,  or  of  tho  face  of  the  mountain  at  a 
higher  level,  while  the  plain  or  the  sea  below  remains  in  sub- 
etantially  the  Bamo  state  as  before.  If  a  torrent  rises  in  a  Rinall 
valley  containing  no  great  amount  of  earth  and  of  dii^integrated 
or  loose  rock,  it  may,  in  the  course  of  a  certain  perioti,  wasli 
out  all  tlic  trandportablo  material,  and  if  the  valley  is  then  left 
with  solid  walls,  it  will  cense  to  furnish  debris  to  be  carried 
down  by  flotxlE-  If,  in  this  state  of  tliingp,  a  new  channel  be 
formed  at  an  elevation  above  the  head  of  the  valley,  it  may 
divert  a  part  or  even  the  whole  of  the  raiu-n'ater  and  melted 
snow  which  would  otherwise  have  flowed  into  it,  and  the  onco 
furious  torrent  now  sinks  to  the  rank  of  a  humble  and  hannle«a 
brooklet.  "  In  traversing  this  department,"  says  Snrell,  "  one 
often  sees,  at  the  outlet  of  a  gorge,  a  flattened  hillock,  with  a 
£ui-ahaped  outline  and  regular  elopes  ;  it  is  the  bod  of  dejec- 
tion of  an  ancient  torrent.     It  aometiiuea  requires  long  and 
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careful  study  to  detect  the  primitive  form,  masked  as  it  ie  by 
groves  of  tret's,  Ity  eultivated  fields,  and  often  by  hoiisee,  hut, 
when  examinwl  eloeely,  and  fnmi  diiferent  point*  of  view,  its 
ehorac'teristie  fignre  manifestly  appears,  and  its  true  iiistoi^ 
cannot  be  mistaken.  Along  tlio  hillock  flows  a  strearulel,  i&sii- 
ing  fivjtn  the  ravine,  and  quietly  watering  the  fields.  Tliis  was 
originally  a  torrent,  and  in  the  !)ai-.kgroiiiid  may  I)e  dbwiovered 
its  monntain  basin.  Sncli  fij"^*nyti/*^(/ torrenta,  it'  I  may  nse 
tlie  cxprcpfion,  are  nnmerons."  * 

Kilt  for  the  intervention  of  man  and  domestic  animals,  these 
latter  beneficent  revolutions  would  occur  more  frequently,  pro- 
ceed ranre  rapidly.  The  new  Bearped  mountains,  the  billixiks 
of  ddbris,  the  plains  elevated  by  sand  and  gravel  spread  over 
ihem,  the  ehores  freshly  formed  by  flu\'iatilc  deposit?,  -ivonld 
clotlie  themselves  with  shrnl>s  and  trees,  the  intensity  of  the 
can»cs  ot  degradation  would  be  diiuiuitihed,  and  nature  wonld 
thus  n'gain  her  ancient  equilibrium.  But  thoee  processca, 
under  ordinary  circumetancefl,  demand,  not  years,  genomtlonf, 
hut  contiinGs ;  f  and  man,  who  even  now  finds  scareo  breathing- 
room  on  this  vast  globe,  cannot  retire  from  the  Old  WorM  to 
some  yet  undi*eovcred  continent,  and  wait  for  tlie  slow  action 


'  SrRRM.,  i>*  TorrfOtt  dm  BauMi  Jip€$,  chap.  xzir.  In  nodi  omw,  the 
clearing  of  iKo  groaiul,  tchioh,  in  oDnMH]unK»  of  a  tamporftry  dircrehm  of  tho 
vr(it«Ts,  or  from  ttomo  otiitr  cnnm,  btt*  bMonie  r^woodod.  •otnctlmiM  rwitwi 
th«  nvngcs  of  thn  loncnt,  Thiu,  on  Iho  left  bank  at  tha  Dnnnoo,  n  irouded 
dediritr  hmA  bocn  fomi«<l  bj*  U)«  debris  brooKbt  dovm  bj  torrcou,  whteh  bid 
■xtingninhsd  tbmnsctvM  iifl«r  faaving  swept  off  moob  of  tbo  Bupeificdal  itimta 
of  tb«  moantala  of  Uoc^oo.  *'  AD  tbis  district  tros  oorand  vhh  woods,  whloh 
haTn  now  bcfiu  thiuavd  out  aiul  nro  perishing  frora  day  to  day  ;  oonmqueotljr, 
tha  lATTvitB  bnvA  reooramcncnl  tbalr  d^Tastations,  lutd  if  tho  claartegHcoti- 
tiane.  this  ileoiinty,  now  fortDe,  will  ba  miiu>d,  tikn  »o  maqj  othon." — Hid., 
p.  15.1. 

f  \Vher«  a  torrent  bos  not  been  long  m  oporation,  and  rarth  stUl  nanaltli 
miicril  vriHi  tbo  rocks  and  pnwl  It  bimps  np  at  it6  point  of  craptlon,  TcceUk- 
tfon  Kva  ilartJi  up  and  proKpora,  if  protoctod  from  encrvochiuvnl.  In  Pn^ 
veam,  ■'  Hrrcrn]  crnnniiuiM  dct«nained,  aboat  t«n  yean  ugo,  to  rcwnv  the 
■eOa  tbiu  muted,  that  il,  to  alaudoa  them  for  a  oartoin  timo,  to  upontaneotui 
Tes*^tAUan,  which  was  not  tlofr  Id  making  fte  appearance."— BccqCEUSL, 
Dtt  Ctim-rt*,  p.  810. 
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of  ftticii  causes  to  replace,  by  a  new  creation,  the  Kdeii  ho  has 
wasUnl. 

Crwhing  Force  of  Torrents. 

T  miist  liePG  notice  a  mechanical  effect  of  the  rapid  flow  of 
the  torrent,  which  is  of  mnoh  importnnee  in  relation  to  the  doa- 
olatinj»  action  it  exercises  by  corerins;  large  tracts  of  cnltiratcd 
f^und  witli  infertile  material.  The  torrent,  as  we  hare  seen, 
shoots  or  ixjIU  forwards,  with  great  velocity,  masses  and  frag- 
ments of  iTK^k,  and  &<imctinic«;  rounded  jtobblcs  from  more  an< 
cient  formations.  Every  inch  of  this  violent  movement  is 
accompanied  with  crushing  concussion,  or,  at  least,  with  great 
ftbrtalon  of  the  mineral  material,  and,  as  yon  follow  it  along 
the  conrso  of  the  waters  which  transport  it,  yon  find  the  stones 
pradimlly  rounding  off  in  form,  and  diminishing  in  ?izc,  until 
tliey  piuB  successively  into  gravel,  and,  in  (he  beds  of  the  rivers 
to  which  the  torrents  convey  it,  sand,  and  lastly  impalpable 
slime. 

There  are  few  operations  of  nature  where  the  effect  seems 
more  disproportioiied  tu  the  canso  tlian  in  this  crashing  and 
comminution  of  rock  in  the  channel  of  swift  waters.  Igneous 
rocks  aro  generally  so  hanl  as  to  be  wrought  with  great  diffi- 
culty, and  they  hear  the  weight  of  cnonnons  sujiorstmcturos 
withoat  jHelding  to  the  pressure;  but  to  the  torrent  they  ai-e 
as  wheat  to  the  millstone.  The  streams  which  ponr  do^vn  the 
Sftnlhern  scarp  of  tlie  Mecliterraneaii  Alps  along  tlie  Riviem  di 
Ponente,  near  Genoa,  hiive  short  conree«,  atid  a  brisk  walk  of  a 
couple  of  honrs  or  even  less  takes  you  from  tlie  eoa-hcach  to 
the  headspring  of  many  of  them.  In  their  heaviest  floodii,  thoy 
bring  nmndcd  ma-sses  of  ser|)entinc  quite  downi  to  tlic  awi,  but 
at  nrdiiiary  Iiigh  water  their  lower  course  is  chat7»ed  only  with 
finely  divided  particles  of  that  rock.  Hence,  while,  near  their 
sources,  their  channels  are  filled  witli  pebbles  and  angolarfrng- 
incuts,  intermixed  with  a  little  gravel,  tlie  proportions  aro  re- 
versed near  their  mouths,  and,  jnst  above  the  points  where 
tlteir  ontlets  arc  partially  choked  by  the  rolling  shingle  of  the 
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beacli,  their  beds  are  composed  of  saud  and  gravel  to  the 
almost  total  exchision  of  pebbles. 

Gnf^lielmiiii  argued  that  tlie  gnivol  and  sand  of  the  beds  of 
running  streauB  were  derived  fmni  the  tritiiratiou  of  rocks  by 
the  action  of  the  currents,  aud  inferred  that  this  actinu  was 
goncrall^'  sufHeient  to  reduce  hard  rock  to  ^tid  in  it^  pai<^H^e 
from  the  source  to  Ihc  outlet  of  rivers.  Frisi  controverted  this 
opinion,  and  inaintaiued  that  river-sood  was  of  more  ancient 
origin, and  he  inferred  f ram  exporinienta  in  artifii;inlly  gnudiuj; 
6t<Hiett  that  the  concu&sion,  friction,  and  attrition  of  rock  in 
the  channel  of  runniug  waters  were  uiadcquate  to  its  com- 
minution, though  be  admitted  that  the^c  same  causes  might  I'e- 
duce  silicious  sand  to  »  fine  powder  cjipahlo  of  trRii«purtaliou 
to  tlie  sea  bj  the  currents.*  I'Viai's  es|)erin»oiit8  were  tried 
upon  rounde<i  and  pohahed  river-pchblos,  and  prove  nothing 
wilh  regard  to  the  action  of  torrents  ujwn  the  irregular,  more 
or  Icse  weatliered,  and  ofteu  cracked  aud  sliattcred  rockB  which 
lie  loose  in  the  ground  at  the  Iiend  of  mountain  volleys.  The 
fuiT  of  tlio  waters  and  of  the  wind  which  acxxtinpanics  them 
in  the  floods  of  the  French  Alpine  torrents  is  such,  tliat  lai^ 
blocks  of  stone  are  hurled  out  of  the  bed  of  tlic  stream  to  the 
height  of  twelve  or  thirteen  fcet.-f-  The  impulse  of  inanes 
dri\'en  with  such  force  overtliruwa  tlie  most  solid  masnnn',  and 
their  ooncussiiin  cannot  fail  to  be  attended  with  the  crushing 
of  the  rooks  themselves. 

The  grcntt'jit  depth  uf  the  basin  of  tlie  Ardeche  is  scvcut}** 
five  miles,  but  most  of  its  tributaries  have  a  much  shorter 
imnrso.  "Tliesjc  afiliicnts,"  says  Mardigny,  "  hurl  into  the  bed 
of  the  ArdWie  enonnoue  blocks  of  rock,  whinh  tJiis  river,  in  its 


*  Fbibi,  ZM  mfida  di  rtsfobtre  i  Fiumi  4 1  TbrrtnU.  yp.  4-10.  Set  m  LOK- 
B&KDnrt,  SulU  iMHOattoni  in  Franeia,  p.  87,  nottOM  of  the  aotioB  of  oar- 
ronti  tmuportins  onlj  Bn«  niAt«rbl  En  wearing  down  bard  rook,  to  the 
iilalccti  for  golii-wa«Miif  ta  CnlifomiA  hftrin^  »  grado  of  I  to  H\.  And  paved 
witli  the  hanlOBt  Ktmuu,  the  wnw  of  tb«  bottom  Li  at  the  rate  of  two  IndlM 
fa  UtiM'iBaDbha. — Ratmokd.  itinerat  Statit^ia,  1S70.  p.  4S0l 

\  8FKEU.,  Stiutt  tnr  tm  JTarrenU,  i*p.  Sl-OQ. 
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tnm,  bears  onM'artU,  aitil  gnuds  down,  at  liigh  water,  so  tlial  ita 
current  mils  only  gmvel  iit  its  (W'lnfluenco  with  the  Illione."  * 

DiijionRhcl  makes  the  following  reinarkahle  stiiteinent :  "Tlio 
river  Horault  riacs  in  a  granitic  re<^oii,  but  soitn  reaches  caU:a- 
rct3U9  forinntions,  wliich  it  tniversen  for  luore  thnn  sixty  klloiuo- 
trcfl,  njUing  tlinnigh  deup  and  pmci pitoiw  ravines,  into  wliiuh  iho 
torrcntfi  are  constantly  diHcliaipng  onormoiu  masses  of  pcbbloa 
bcloTi^iig  to  the  hardest  rocks  of  the  Jura^inu  period.  These 
d^jbris,  wjiitiimally  renewetl,  compose,  eveu  below  the  exit  of 
tho  gorge  where  the  rlTor  eutors  into  a  regular  channel  cut  in  a 
tertiary  (Jei)06it,  broad  bcaehce,  prodigiona  aeenmulatlons  of 
rollorl  pobblett,  extending  acTeral  kilomdtrea  down  tho  etroani, 
but  they  diminish  in  size  and  weight  so  rapidly  that  abo^x  the 
mouth  uf  the  river,  which  is  at  a  dietancc  of  thirty  or  tliirty-fivo 
kilometreti  fnmi  the  gorge,  every  trace  of  calc^reuiis  matter  has 
disappeared  fi-om  the  nanda  of  the  Iwttom,  which  are  cxclnsive- 
Ij  iilicioiiB,"  t 

Similar  efFocts  of  the  rapid  flow  of  water  and  the  ooncuasion 
of  stones  against  each  other  in  rive^bed8  maybe  observed  in 
almost  every  Alpine  go?^  which  senoa  m  tho  channel  of  a 
Bwift  stream.  Tho  ti-ttmendous  cleft  through  which  the  well- 
kno\ni  Via  Mala  is  earned  receives,  over}'  year,  from  ita  own 
crumbling  ^vaIU  and  from  tho  Uiiiter  Khcin  and  ita  mild  tribu- 
taries, cnorniouR  qiiiiDtitieB  of  rock,  in  blocks  and  bonldera.  In 
fact,  the  masses  bui'led  into  it  in  a  single  flood  like  tlioso  of 
ISCfj  would  probably  fill  it  up,  at  its  narrow  points,  to  tho 

*  At  Rinkcnberg.  on  tho  right  book  of  tho  VoHcr  Rhotn,  in  tho  flood  of 
IGOfi,  a  block  of  sto&o  ooin[>ut«(l  to  wdgtineacljr  1>.000  c«rt.  was  carried  bodiij- 
fonrnnK  °oi  tailed,  hj  ft  Unroot,  ■  distanoe  of  thms-qiurten  of  m  mile. — 
CoAZ,  die  i9E>akt0«Mr  tm  1808,  p.  H. 

Mmmramtr  k»  Tnondntimu  de*  Ririim  tUt  T.-lrtMrAif,  p.  Ifl.  "Tho  ierrino 
roar,  the  thoader  of  tlie  nQing  torrcntA  ptoocmIh  principftjly  from  Ih*  rtooM 
which  are  roUtnJ  altm^  in  tliti  bed  of  the  ntream.  Tlii»  niuvprrient  in  atti'iidod 
with  aooh  powerful  AtuiUon  that,  in  the  Soathem  Alixi,  the  atoioitphon  of 
Talhjra  whan  Um  Unurtooo  ooaUinn  btliiiuoa,  has.  nt  Uie  time  of  llooda,  tba 
mihwi  IdtaailBoai  NnBU  prodoBsd  bj  rubbing  pieoea  of  rach  Itraeatono  ti>> 
(eUtar."— WSSKELT,  JDm  OmttmkMie/tM  ^Mtiaiuisr,  i.,  p.  It!). 

I  Atant-pnifst  p9ur  It  erialion  if  H(t  »tlfertii»,  p.  JM). 
IS 
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level  of  the  mad  400  feet  above  its  bottom,  were  not  the  etonoa 
crushc4l  and  carried  off  by  llie  force  of  the  current  Yet  below 
the  outlet  at  Tliusis  uuly  sinitU  ronndcd  bouUU'rs,  pebblca,  aud 
gravel,  not  rock,  are  found  iu  the  l»ed  of  the  river.  The  Swiss 
glaciers  bring  down  thousands  of  eubie  yards  of  hard  rock 
every  season.  Wliero  thf  yilacier  end*  in  a  plain  or  wide  valley, 
the  i-otka  arc  accumulated  in  a  terminal  moraine,  but  in  numer- 
ous inetanccd  the  wat4.>r  which  pours  from  the  ico-rivor  lias  force 
enough  to  carry  d<iwii  lo  larger  6trt>aine  the  ni!isse«  delivered  by 
the  glacier,  and  there  they,  with  other  stones  washed  out  from 
the  earth  by  the  current,  are  ground  down,  so  ttiat  few  of  the 
aCQnonta  of  tbc  Swiss  takes  deliver  into  them,  anything  but  fine 
sand  and  slimo. 

Great  rivers  carry  no  boulders  to  the  sea,  and,  in  fact,  receive 
none  From  their  tributaries.  I^^rabardini  found,  twenty  years 
ago,  that  the  mineral  matter  broufjht  down  to  the  Po  by  ita 
tributaries  was,  in  general,  comminuted  to  about  the  same  degree 
of  fineness  as  the  sands  of  its  1>od  at  tticir  points  of  dit^ehargo. 
In  the  cafio  of  ihe  Trebbia,  which  rises  high  in  tlie  Apennines 
and  empties  into  the  Po  at  Piacenza,  it  was  othenvise,  that 
ri\'er  rolling  pebbles  and  coarse  gravel  into  the  channel  of  the 
principal  stream.  The  banks  of  the  other  allluents — CAceptiug 
some  of  those  wfaie-h  diiK:hnrge  their  waters  into  the  great  lakes — 
then  either  retained  their  w<»od»,  or  had  been  so  long  clear  of 
tlicm  tliat  the  torrcntft  had  removed  most  of  the  disintegratetl 
and  loose  rock  in  tlicir  npper  basins.  The^'allcyof  tbc  Trebbia 
hud  been  recently  cleared,  and  all  the  forces  which  lend  to  the 
degradation  and  transportation  of  rock  wore  in  fidl  tmtivity.* 


TratitpoHing  Power  of  Witter. 
Bat  the  geogmphical  effects  of  the  action  of  torrents  are  not 

*  RInoe  th«  d&te  of  Ti«>tabiril{iu''8olM«mtlona,  mvtj  0pbu  vaUlej^  him  be«n 
atrippcd  of  Lbcir  wood*.  It  would  b*  fateroUng  to  know  whettwt  tmj  •aewI. 
bl«  chuu^  biu  twen  pnvlaood  Id  tti«  ehanMer  or  qnsntitj  of  t>#^att«r  tru)»- 
porttsi]  hj  the  riven  to  the  Po.— JVb(i«»«rfri  Jiiviirtt  d«  t>i  h^nhariic.  An- 
mala  Ha  Pimts  «t  C^imUa^  VH7,  ler  •Jmertnt,  p.  181. 
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confined  to  erosion  of  earth  and  commiuiition  of  rock;  for 
thoy  and  the  rivers  to  which  thoy  contribute  transport  the  ^6- 
bria  of  tlio  motmtaina  to  lower  levoU  and  spread  them  out  over 
the  dry  land  and  the  bed  of  the  sea,  thns  forming  alluvial  de- 
posits, sometimes  of  a  beneficial,  soraetiraea  of  an  injurious, 
character,  and  of  vast  extent.* 

A  mountain  rivulet  awollen  by  rain  or  melted  anow,  when  it 
escapes  fi^>m  its  usual  cliannel  and  fl^xxls  the  a'ijaceut  fields, 
natunilly  dcjKxjIts  pebbles  and  gnivel  uik>u  them  ;  but  even  at 
low  water,  if  ila  course  is  long  enough  for  its  grinding  action 
to  have  full  scope,  it  transports  the  solid  material  with  which  it 
is  charged  to  some  larger  stream,  and  there  lets  it  fall  in  a  etate 
of  minute  division,  and  at  lust  the  spoil  of  the  mountain  is  used 
to  raise  the  level  of  the  plains  or  carried  down  to  the  sea. 

An  instance  that  fell  under  my  owni  observation,  in  1837,  will 
serve  to  show  something  of  the  oi-oding  and  transixirting  power 
of  streams  which,  in  these  reit]>rcts,  fall  incalculably  below  the 
t<MTentB  of  the  Alps.  In  a  flood  of  the  Ottaqnecheo,  a  small 
river  which  flows  tlimiigh  Woodstock,  Vcnnont,  a  mill-dam  on 
tliat  stream  binst^  and  the  sediment  with  wlurh  the  pond  was 
filled,  estimated  after  careful  measurement  at  13,000  cubic 
yards,  was  carried  down  by  the  current.  Between  this  dam 
and  tJie  slackwatcr  of  anotlicr,  f(mr  miles  liclow,  the  bed  of  the 
stream,  wliich  is  comjxjsed  of  pebbles  interspersed  in  a  few 
plftoa  with  lai^r  stones,  is  about  sixty-five  feet  wide,  though, 
at  low  water,  the  breadth  of  the  current  is  considerably  leae. 
The  sand  and  fine  gravel  wei-c  sm<xitlily  and  evenly  diiitribnted 
m'cr  the  bed  to  a  width  of  fifty-five  or  sixty  feci,  aud,  for  a  dis- 
tance of  about  two  miles,  except  at  two  or  thrco  intervening 
rapids,  filled  up  all  the  interetices  between  the  stones,  covering 
them  to  tlie  depth  of  nine  or  ten  incbea,  no  as  to  present  a  regn- 

*  LoreaU,  In  ui  offlotal  report  qaDt«rl  hj  MurduuMl,  soys :  "  Tho  failing  of 
th*  wootb  ptodnoM  lorrenta  vlilch  cotgf  th<i  coIdnUed  aoU  with  potibloi  wid 
tnfnmteof  male,  ami  they  do  not  confine  their  ravages  to  Uifl  noiuil;  uf  tUo 
moant^ns,  iltBextetul  them  into  the  fertile  Sclds  of  Provcnoa  uid  oth«r  de- 
putmsata,  to  cho  dJtUBoe  of  fottjr  or  afQr  iMgOM," — JSntieatdunff  der  ff«Mry«, 
p.  17. 
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■Pfj  Hwas  floaai^  oaHBo,  Bns  wnft  ■■& 
IW  4«S)Ck  of  vMov  B  «»»  fhrni.  froB  £•* 
tftgoB  ar  c^«MB  g»>fc««     CHauil^  Ok  ^ 
flffv  kad  «Mdt4  aid  beeoM  to  dnr  tbs  A 
be  wen,  I  i^paaed  tWi  tbe  aos  flood  « 
liKW  Jiifj  tntkm  id  the  baaksaDdnn 
iotfhe  pfciiwirlof  Ac«twMi,ni  iii— miiiii  of  Aa 
M  the  hed  Mad  AeOBagwpol  tbei^Mo  bctwvea  the 

WfOUffk  VaBCB  mfntttj  Mth  ntCT  Ma  flowBa  ^  MK  ■ 

nanlkCbnomiL  Thcfpriiqpficahet  of  the  neit  jcsraiitii^j- 
WMfced  o«t  the  Mad  itt  pcvdeeeeoor  had  left,  depcated  khdc  of 
it  ra  pooda  and  fdU- water  Radm  bdov,  carried  tin  lesidQe  be* 
jond  the  readi  of  ofaoerratkio,  and  left  the  bed  of  the  iiTer 
•IiDoat  preeiieljr  to  tts  fanner  cooditiaa,  tboogfa,  of  OKUse,  with 
Cbe  diiplaeement  of  the  p^tbka  iriiieh  errerj  tiood  ptoduoaa  m 
the  ehaonda  of  mch  ttnami.  The  pood,  ciKngfa  ofkm  pre- 
rioiulj  diadisij^  bj  the  breakage  of  the  dam,  bad  then  been 
idiitnibed  for  aboet  tventT-fire  jean^  and  its  ooatepts 
OOPtteed  atnuiit  eiitirelj  of  wod,  tfio  rapiditv  of  the  par- 
lent  tn  flfud*  licing  each  that  it  woald  let  fall  little  lighter 
■edimeot,  even  abore  an  obctruetiun  like  a  dam.  The  quantity 
I  hare  mentioned  erideirtly  bean  a  very  inoonsiilcrablo  propor- 
tkm  to  the  to<al  eru«i<ni  of  the  stream  during  tliat  poHoil,  be- 
csiiM  the  waxh  rjf  the  banks  eonsists  chiefly  of  fine  eftrth  rather 
thau  of  nAtid,  Aud  after  the  pond  tm  oQce  filled,  or  nearly  so, 
even  thi«  material  or^nld  no  longer  be  deposited  in  it.  The  fact 
of  the  <x>tnptctc  removal  of  the  deposit  I  have  do&eribed  be- 
tween the  two  dums  in  a  single  freshet,  Bliotrs  that,  in  spite  of 
ooQfiidcrable  obstruction  from  roaghness  of  bed,  large  qnontiiies 
of  sand  may  be  taken  iip  and  carried  off  by  Btream*  of  no  great 
rapidity  of  inclination ;  for  the  whole  descent  of  tho  l)ed  of  the 
river  between  the  two  dftra»— a  distance  of  four  mites — is  bat 
•Ixty  foet,  or  fifteen  feet  to  the  mile.* 

*  In  ft  •hoeC-iroQ  liphon,  1,000  Utt  long,  with  a  diameter^  four  faebM, 
barlDE  Lhn  sntnuHB  18  fnvi,  the  oriflcfl  of  diwharse  40  feet  bftlov  Che  nraBlt 
III  tlie  OUTTA,  em^Ojr*'!  fn  dnining  »  mine  in  CnlifornU,  the  foroe  of  tbe  oaznnt 
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Tlie  facts  which  I  have  adduced  may  aid  us  in  forming  an 
idea  of  the  (,»rigin  and  mode  of  transportation  of  the  prodigioufl 
depoaitA  at  the  mouth  of  great  rivers  like  the  Mie»isfiippi,  Uio 
Ni]e,tfaeGanges,  and  theJIoang-TlOfthedeltaof  which  lust  river, 
conijiosed  eutirely  of  river  sediment,  has  a  snpcrficial  extent  of 
not  leaa  tlwiii  96,5(>0  square  miles.  But  we  shall  obtain  a  clearer 
conception  of  the  character  of  this  iin|)ortant  gcographlca!  pro- 
CCR8  Ijv  measnriiig,  more  in  detail,  the  mas»  of  oarlh  and  rock 
which  a  well-known  rtver  and  ita  tributaries  have  washed  fn^ni 
the  mountains  and  transported  to  tlie  plains  or  the  sea,  withiu 
the  liistorie  period. 


2'he  Po  and  its  Depoaitit. 

The  current  of  the  "River  Po,  for  a  considerable  distance  after 
its  volume  of  water  is  otherwise  BufTicieut  for  continuons  navi- 
gation, is  too  rapid  for  that  purp*«e  until  near  Cremona,  where 
its  velocity  t^-ecomea  too  much  reduced  to  transpji-t  groat  ijnaii- 
tities  of  mineral  matter,  except  iu  a  state  of  minute  division. 
Itfi  southern  atHucuts  bring  down  from  the  A^H^tmincs  a  lai^ 
quanlity  of  fine  earth  from  various  geoltjgical  foriiiations, while 
ita  Alpine  tributaries  west  of  the  Ticiito  are  charged  chiefly 
with  rock  ground  do\vn  to  Band  or  gravel.  Tliehed  of  the  river 
has  l)een  somewhat  elevated  by  the  deposits  in  its  channel| 
tlinngh  not  by  any  means  above  the  level  of  the  adjacent  plains 
Rs  has  been  b<»  often  reprosenled.  The  dikes,  which  confine  the 
cnrrent  at  high  water,  at  tlie  same  time  augment  its  velocity 
and  compel  it  to  carry  most  of  its  sediment  to  the  Adriatic.  It 
baa,  therefore,  mised  neither  its  own  channel  nor  ita  alluvial 
shores,  as  it  would  have  done  if  it  had  remained  unconfincd. 
But^  as  the  surface  of  the  water  in  floods  is  above  the  general 
level  of  tlie  plains  through  which  it  flows,  the  Po  can«  at  tluit 
jwriod,  receive  no  contributions  of  earth  from  the  washing  of 

WM  moh  M  to  c«rf7  through  the  tabe  great  quutitiM  of  Mod  sad  otMno 
(xkTtl,  lomfl  ol  the  gikini  of  which  wero  w  Ur^  u  ta  Kngliah  irolQat.— Bat- 
MOKD,  HtBinii  Statiaiea,  \B7Q,  p.  003. 
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the  fields  of  Lombard)',  and  tlicrc  is  no  doubt  thai  a  lar^  piit>- 
portion  of  tho  sediment  it  now  dqiofiite  at  its  month  doeiiotiilud 
from  tho  Alps  in  tho  form  of  rot^k,  though  rodneed  by  the 
griudhig  action  of  the  waters,  in  it:?  passage  BeawaM,  to  the 
condition  of  fine  sand,  and  often  of  sUt. 

"Wo  know  little  nf  the  hi&t'ir^  of  the  Pd,  or  of  the  geograjdiy 
of  the  coast  near  the  point  where  it  enters  tho  Adi-iatic,  at  any 
period  more  than  twenty  centnries  before  onr  own.  Still  less 
can  wo  say  how  much  of  the  plains  of  I>nmbai-dy  had  bt!on, 
fonned  by  its  action,  combined  with  other  caases,  before  man 
accelerated  its  levelling  operations  by  felling  tho  first  woods  on 
tho  mountains  whence  its  waters  are  derived.  Hut  we  know 
that  since  the  Koman  conquest  of  Northem  Italy,  its  deposits 
have  amounted  to  a  quantity  which,  if  recemented  into  rock, 
recombiiied  into  gmvel,  common  ejirth,  and  vegetable  mould, 
and  restored  to  thu  situations  where  eruptiori  or  upheaval  origi- 
nally  placed  or  vegetation  deiH»sited  it,  would  fill  up  hundreds 
of  deep  ravines  in  the  Alps  and  Apennines,  change  tho  plan 
and  protilo  of  their  chains,  and  give  their  scuithem  and  north- 
crti  faces  respectively  a  geogi-aphlcal  aspect  veiy  different  from 
that  ihey  now  present.  Kavenim,  forty  miles  wmth  of  the  prin- 
cipal mouth  of  the  Po,  was  built  liko  Venice,  in  a  lagoou,  and 
the  Adriatic  still  washed  its  walls  at  the  oommencemeut  of  tho 
Christian  era.  The  mud  of  the  Po  has  filled  up  the  lagoon, 
and  Eavcnna  is  now  four  miles  from  the  »ett-  The  town  of 
Adria,  which  lies  between  the  Po  and  the  Adige,  at  the  dis- 
tance of  some  four  or  five  miles  from  cAch,  was  onco  a  harbor 
famous  enough  to  have  given  its  name  to  the  Adriatic  Sea,  and 
it  vrtA  fldit  accesfliblc  to  large  ve^^cls,  if  not  by  the  open  sea  at 
least  by  lagoons,  in  tlie  tiino  of  Augustus.  Tlic  combined  ac- 
tion of  the  two  rivers  has  so  advanced  thceoastline  that  Adria 
is  now  more  tlian  fourteen  miles  inland,  and,  in  other  plat^ea, 
tlie  deposits  made  within  the  same  period  by  these  and  other 
neifi^Iioring  streams  have  a  width  of  twenty  miles. 

What  proportion  of  the  earth  with  which  they  are  charged 
these  rivers  liave  borne  out  into  deep  water,  during  the  In&t  two 
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thousand  years,  we  do  not  know,  hut  as  they  gtill  trani^port 
Qitoriixiug  quantities,  as  the  North  Adriatic  appfim  t<i  liavo 
Bhuale<l  rapidly,  and  as  lotig  islandti,  cuinpusod  in  great  part  of 
flitviatile  doposits,  have  funned  opposite  their  mouclis,  it  mu&t 
evidcMitl>'  have  been  very  frreal.  TJic  ftuods  of  the  Po  occur 
but  once,  or  soinetiinea  twice,  in  a  year.*  At  othur  times,  its 
waten  are  comparatively  limpid  and  ficern  to  hold  no  gi-cat 
amount  of  mud  or  fine  sand  in  mechanical  aQS)>en8ion ;  but  at 
high  water  it  contains  a  large  propoi-tion  of  s^iid  uiactur,  and, 
according  to  Lombardini,  it  auniially  transports  to  the  chores 
of  the  Adriatic  not  loss  tlian  42,7(50,000  cubic  meti-es,  or  very 
nearly  55,000,000  cubic  yards,  ^vhich  carries  tlie  cuast-lino  out 

*  In  tht  <Mi1I«r  miKllaiviil  oenturi<»,  wboa  tha  dediTiUea  of  Uio  iiimiiit«uM 
still  ntftined  a  tnudi  Iftrgor  |tro|inrtion  of  tiiftlr  woo<l«,  Ch«  modente  acaaHl 
floods  of  tho  Vo  wan  ocoiutioiioil  bj  Uiv  multtBg  of  tha  snom  oa  tha  lowar 
tlopea,  snd,  According'  to  a  p«Muie«  of  Tuso  qaot«d  by  Ciutt«llAiii  (TMT  fa- 
jiveiU't  lUiiti  SiJn,  f.,  p.  M,  note),  thujr  took  plnoo  in  May.  Th«  UHUikll;  mura 
Tioknb  InoDidktions  of  Iftbor  age*  arc  dac  to  miot.  Ibe  wktcra  of  wltKli  an  no 
loogiu  ratoioed  Lj  ■  foceat-soU,  but  raDTcj-«4  at  ddoo  to  tbc  riven — uid  they 
occtir  almokt  noifonnl;  ia  the  Autumn  or  lnus  Bammn.  CiulelUni,  oa  th« 
pag«  JDBt  qnotod,  m; s  tbafc  evao  aa  lute  aa  about  1 7H0,  the  Po  reqairod  »  heaxy 
min  of  Ik  wocic  to  overflow  its  bonki,  bat  that  for^  jcon  Utcr  it  WH  wmv* 
tim«  niBBd  to  foil  Rood  in  a  m\frUs  daj, 

Plinr  11117s :  "  The  Po,  vbioh  ia  inferior  to  no  rirer  is  sniftnoaa  of  current, 
ia  in  flood  aliout  tho  rUnj  of  the  dog-atiu,  Uie  mow  tlieu  mclthig,  and  iliongb 
■0  rnirid  In  How,  it  wuthr-^  nothinj;  from  tlio  Mil,  but  laaveit  ft  fncrcajind  tn  fer- 
miij."-—y'Uurat  IfinUri/.  Itc»>k  iiL,  20. 

Tfa«  flnt  terrible  JniindatiDn  of  tho  Pa  In  1872  took  plaoo  lu  Hmy,  and  ap- 
poan  to  have  been  oooauoned  bjr  hiavy  rain*  on  the  MBUiem  tlank  of  tho 
AI]M,  and  to  have  rficelTecI  Httte  aoGC-nlon  from  anonr.  The  anov  on  tha  idghpt 
Alpa  doe*  not  nmiidlj  thawr  wo  M  to  oooasion  flood*  befora  Auguet,  and  often 
oooiIdffTaM;?  laUr  Thi^  rotire  dMitmetlTe  flood  of  Oototiar,  I87S,  wna  oanaed 
both  by  thawi  in  the  hi(fh  mouutaiiu  and  bjr  an  eztrAordinniy  fall  of  nin. 
Bee  Hirer  ICoxbanimenin  ;  post 

Plinv'B  reniurk  aa  to  enrichment  of  the  Mil  bjr  the  flooda  appcan  to  "bo  veri- 
fied in  the  ooae  of  that  of  October,  1H73,  for  it  ia  found  Uiat  tho  water  has 
left  very  exteudTely  a  tbiek  depo«ii  of  slirae  on  tho  fiol'la. 

Se«  a  liat  of  tho  hifltoricaJly  known  i;raat  inondationa  of  the  Po  by  tha 
eDtrlaeer  Zncoholli  iu  ToRKl.Lt,  Pr0ff*tto  di  Lf^gt  jmt  Ui  Vcndita  di  Brnt 
UuMi.    Boma,  1872. 
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into  tho  6ea  at  tlio  rate  of  more  tlum  200  feet  iu  a  year.'  The 
depth  of  the  auuual  depoeJt  U  gtaleJ  at  uighteea  centimetres,  or 
rattier  mure  tJian  eeven  iuehcs,  and  it  would  cover  ao  ai'ca  of 
not  uiiicU  leas  than  ninety  «<{uure  miles  with  a  layer  of  that 
thicknefiB.  The  Adige,  also,  brings  every  year  to  the  Adriatic 
many  million  cubic  yarda  of  Alpine  detritus,  and  the  contrihu- 
tiona  of  the  Breiita  from  the  eaiue  source  arc  far  from  incon- 
Biderahlo.  The  Adriatic,  however,  receives  but  a  small  propor^ 
tion  of  tlie  soil  and  r<.»ck  washed  away  fiTiin  tho  Italian  slope  of 
tiio  jVIjw  and  the  northern  declivity  of  Uie  Apennines  by  tor- 
rents. Nearly  the  whole  of  the  debris  tlma  remo\*ed  fi*om  the 
sont-hem  face  of  tho  Alp»  between  Moute  Rosa  and  the  sooroes 
of  Uie  Adda — a  length  i_>f  watershed  t  not  loss  than  one  hun- 
dred and  fifty  milee — is  arrested  by  the  still  waters  of  the  Lalcea 


*  Thu  oliftt)g«  of  coaat-line  oaiiDoC  b«  ucribed  to  u|>heATBl,  for  ft  oorapari- 
■BD  of  the  lerel  of  oM  haHi^o^ — tm,  tot  instance,  the  ofanrah  of  San  Titalo  and 
Ute  tonb  of  Tbeodttric  at  Raratma — irith  that  of  the  aaa,  tends  to  ptxiTO  •  d*> 
proirian  rather  than  an  eloration  of  their  foaDdations. 

A  eoD^iutadoQ  bgr  a  differeut  method  makw  the  dcpoaita  at  the  mooth  of 
th«  Po  S,iaS,000  nitres  Iob  ;  bat  aa  both  of  them  omit  the  grrnni  and  sH 
carried  down  at  ordinary  and  low  water,  we  are  aafe  in  avomiog  th*  bu|«r 
qnantitjr. 

1  Su  John  F.  W.  HfloeM  irAyM^  ^'^'^■•PV.  t*?)  *>Ml  •lattwhere) i^dli «Ui 
word  uater-mA^  baewM  he  oonaidera  it  a  baaalation,  or  nthar  an  adoption, 
of  the  a«miao  "  Waeear  aefaeida.  Mparation  of  the  waleia,  nob  wator-aA<ritb« 
alofie  ttoitn  iAich  the  waten  mn."  As  a  jxnnt  of  histonol  e^molof^.  It  ll 
probable  that  the  word  in  qoMtiaa  wm  mgiEealed  to  Iheae  who  fint  aaed  il  liy 
the  Oennan  W>mtneAii4«  ;  bat  the  ■pellmf  imUt-mM.  ptopoaed  by  H«i^ 
■diel,  is  obiectfenaUa,  both  beenne  «*  ia  a  ooBbantioa  of  totlaa  wImUj  ■»• 
known  to  modem  BogUah  orHMgrfOij  and  peoperiy  i«praBMitln|r  bo  aottnd  le- 
<x«aiaed  in  S^^iA  ortboepsr,  and  for  the  still  bsHar  waea  Oak  «Ml«raAa< 
In  the'aeiMe  oC  d!rinitfm-4f<4*«HMCrr«,  has  a  ]«gitfat«t«  bi|rlidi  e^mology- 

n*  Angto-Saxao  irM^a  mnant  both  to  Mp>nt«  or  divide,  and  to  shade  or 
•belter.  I«  is  the  root  «f  the  Kvl>*b  v"^  '"  *A^  ■">^  ^  tkadt,  and  in  tbe 
former  meaning  Is  the  A.  8.  cquivaloni  of  the  6«naan  verb  ttMden. 

SA«4  ax  <M  &«U«h  bad  the  UMafaw  to  sipfRito  or  dtfstfeyirfsl.  U  ■■  M 
tuKdinthe  <M«ntflbif#IUMr<«KT.  197.  Ttiagrmf  {luainlmmm$,  ^o.^ 
p.7l7)d«SBMi^M<Ide|«rt»«Utige>aaander;  and  the  wwdrtOlBeaaa 
fo  dMdt  fn  enwal  b^l^  local  Adaeta.  Hsnee.  wsCtwIsd.  the  divWen  or 
Mpexatioo  of  the  watas,  la  good  English  both  in  e^moloBr  and  to  apdlia^ 
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X^ggiore  and  ComOj  nnd  some  smaller  lavnstrjiie  reservoirs^  atid 
never  roaishea  the  sea.  The  Po  is  not  continuously  oniliaiikod 
except  for  the  lower  half  of  its  wMirae.  Above  Cremona,  thci-o- 
forc,  it  spreads  and  depoftita  sediment  over  a  wide  8urfa4:e,  and 
tlio  water  withdrawn  from  it  for  irrigation  at  lower  pointa,  as 
well  as  its  itiniidatiuiis  in  the  <xM;ut<!oiiul  nijitures  of  ilt»  haiik^ 
carry  over  the  adjacent  s«.>il  a  large  nmouut  of  slimo.  * 

If  to  the  estimated  annual  de|x:ieitti  of  the  Po  at  ita  moufli, 
we  add  the  earth  and  sand  traneportod  to  the  sea  hy  t!ie  Adige, 
the  Breuta,  and  other  loss  important  streams,  the  prodi^ioua 
mass  of  detritus  swept  into  Lago  Maj^iore  by  tlie  To^,  the 
Mo^ia,  and  tlio  Ticinu,  into  the  lake  of  Como  by  the  Maira 
and  tlie  Adda,  into  the  lakes  of  (tarda,  Lugano,  [3ei>,  and  Idro* 
by  their  affluent^,-!'  and  the  yet  Taster  heaj)8  of  pebbles,  gravel, 
and  earth  permanently  deposited  by  tlie  torrents  near  their 
points  of  eruption  from,  motmttun  gorgea,  or  spn^ud  over  the 
wide  plains  at  lower  levels,  we  may  safely  assume  that  we  have 
an  aggregate  of  not  less  than  ten  times  the  quantity  carried  to 
the  Adriatic  by  the  Po,  or  550,000,0<JO  cubic  yards  of  solid 
matter,  abstracted  every  year  from  the  Italian  Alps  and  the 
Apcrniines,  and  removed  out  of  their  domain  by  the  force  of 
rumilng  water.  ^ 


*  Tho  qnsntfty  of  Bftdiment  deposltocl  by  th«  Po  on  tho  plaliu  wblcfa  bonlca 
It,  befoTO  the  couxtructioo  ol  tho  cootinnoQi  dilcM  und  In  the  Hoods  which  oo> 
cuoD&lljr  bunt  through  thvni,  is  vast,  «nil  Uie  oooneiiauut  alev&tioa  of  tho«e 
ploiiu  ia  verj  cooaUlsnbl*^  J  do  nol  kaow  thkt  tbiM  Ifetter  point  bu  beoft 
■Uhd*  a  mibjaot  of  spodol  iaTUttignlion,  bat  vLncjurb,  with  the  rliids  rUII  at- 
tached to  th*  «hsB  which  supported  th«m,  bare  bo«n  foQnd  two  or  thiee  yuda 
bolow  the  prceent  mirbM  at  r»rioiiii  pubite  oa  the  plaina  of  Lomlnrdj'. 

f  The  Po  teottiree  aboat  fo'ir-tetilhi  of  lie  weten  from  these  Lekea.  Se« 
LouKARDrNl.  Dfi  eanfiutmmii  tteOa  eimduioM  tld  /V,  p.  20.  M\  the  aedi. 
neot  GAiriiHl  Into  the  bUcea  hj  th«lr  trlbaiiuiee  U  dcpoaitetl  In  them,  and  the 
wBl«r  whivli  fluwD  nut  of  thera  in  perfeRtly  limpid.  IVom  their  proximity  to 
the  Alpi  end  the  number  of  torranta  which  etnpt^  into  thom,  the;  no  doabfe 
fMiiTe  veeltr  men  tcuuported  maUer  than  ie  oOQtiibat«d  to  the  Po  hjr  ihft 
Bbc-tentha  ol  Hs  waten  reeeiTed  from  other  aonroee. 

}  Iten^tU  estimated  the  iiuw»  of  noUd  matter  armnatt;  "  united  to  the  wa- 
ten  of  the  Po  "  at  tj2'J,UUO.O0O  cubic  metres,  or  nciu-ljr  twimlj  times  as  mooh 
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Tiie  present  rate  of  deposit  ftt  tlie  mouth  of  the  Po  has  con- 
tiuued  siiico  the  yenr  IflOO,  t]ie  previous  advanc^e  of  the  coast, 
after  Ihn  yt-ar  12'X),  having  been  only  one-lhird  as  rapid.  The 
great  increase  of  erosiou  and  transport  ia  asci-ibed  by  Louibar- 
diui  chiefly  to  the  destruction  of  the  forests  In  the  basin  of  tlmt 
river  and  ihe  valleys  of  its  tribntaric*,  tineo  tlte  begiiiniiijj  of 
the  seventeenth  wjntury.*  We  have  no  data  to  show  the  rate 
of  deposit  iu  any  given  century  before  the  year  1200,  and  it 
doubtless  varied  acwirding  to  the  prngi-ese  of  papulation  and 
the  con8e<^uent  extension  of  clearing  and  cidtivation.  The 
transiwrtiug  power  of  torrents  is  greatest  soon  after  their  fop- 
malion,  because  at  tliat  time  their  polTtts  of  delivery  are  lower, 
andj  of  course,  their  general  slope  and  velocity  more  rapid, 
th^n  after  years  of  erosion  above,  and  deposit  below,  Imve 
depressed  the  beds  of  their  monnlain  valleys,  and  elevated  the 
ditumeU  of  their  lower  course.  Their  eroding  action  a\m  is 
moat  powei*ful  at  the  same  period,  both  because  their  mechan- 
ical  force  is  then  greatest,  and  because  the  loose  earth  and 
stones  of  freshly  cleared  foi-est-gi-ound  are  most  easily  removed. 
Many  of  the  Alpine  valleys  west  of  the  Tieino — that  of  the 
Dora  Baltea,  for  iufitnnce — were  nearly  stripped  of  their  forests 
in  the  days  of  the  IZontan  Empire,  others  in  the  Middle  Ages, 
and,  of  course,  there  must  have  been,  at  different  perioda  before 
the  year  1200,  epochs  when  the  erosion  and  transportation  of 
Bohd  matter  fn.»in  the  Alps  and  the  Apennines  were  at  Ica.-^t  as 
great  as  since  tlie  year  1000. 

UjKjn  the  whole,  we  shall  not  greatly  err  if  we  assume  that, 
for  a  period  uf  not  less  than  two  thousand  years,  the  walls  of 
the  basin  of  the  Po — the  Italian  slope  of  the  AJ^w,  and  the 


as,  acoording  to  Lom)»idiiii,  that  rivor  dBlimn  into  tbo  Adiisttc:  Castellaiki 
■appoaw  ihe  oompntation  of  3C«Dgottl  to  fnll  mnch  Iwlow  the  tmth.  and  tkwa 
tan  he  oa  doabt  that  a  vnatlj  Isigar  quantity  ot  earth  and  gnvol  is  winbed 
down  from  tho  Alpa  and  th«  ApeaDiiiM  thut  is  carried  to  the  •«».— CArrsL- 
LAHi,  DdT  Immediatii  lujluenia  fUtU  Htlce  »td  tano  dtiU  Ae/^e^  i,,  pp.  4^  43, 

I  have  cont«&ted  mjseU  with  anaming  lew  than  one-half  of  Uengotti'a  «ti* 
mats. 

*  BATtMiiABTBa,  Aa.  det  Ptmti  et  Chavuif,  I84T,  ler  a^meitrc,  p.  ITS. 
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noMheni  and  norih-eaRtom  decliviiies  of  tlie  Apennines — liave 
annually  bgiu  down  into  the  lakeSj  tlic  pI:iinB,  and  the  Adiiatic, 
not  less  than  37Oj0ih),000  culjiu  yards  of  earth  nnddisintcgnilcd 
rork.  Wo  lutve,  then,  an  nKgregftte  of  750,000,000,000  cnbic 
yrtn]«  of  such  iimronal,  wlni-h,  allowing  to  th«  mountain  snrfaco 
in  question  an  area  of  50,O0O,000,0(>0  square  yanls,  would 
cover  tho  whole  to  the  depth  of  fifteeu  yards.*  There  are  vei-y 
huge  portions  of  this  area,  wherfj  iw  we  know  fi-oin  ancient 
remains — roads,  bridges,  and  the  like — from  other  direut  testi- 
mony, and  from  geological  oonsidL' rations,  very  little  degi-Jida- 
tion  has  taken  plare  within  twenty  centnricfl,  and  henue  the 
quantity  to  be  assij^ied  to  localities  where  the  destructive  causes 
have  bceu  most  active  is  increased  in  proportiou. 

If  this  vast  mass  of  pulvcrixed  mek  and  earth  were  ttsitorcd 
to  the  localities  fi'om  which  it  vr&n  derived,  it  uertuinly  would 
not  obliterate  valleva  and  goi'g^  hollowed  out  by  great  gci>- 
logical  tanees,  bat  it  would  reduce  the  Icjigth  and  diminish  tho 
depth  of  ravine:!  of  htter  formation,  modify  the  incliitatiou  of 
tlioir  walk,  rech'the  with  eartli  many  bare  mountain  ridges, 
eseciiiiaUy  change  the  line  of  juuctiou  between  plain  and 
mountiiin,  and  carry  back  a  long  rcat;h  of  die  Adriaiie  trojwt 
many  miles  to  the  wost.f 

It  is,  indeed,  not  to  be  snppoaed  that  all  the  degradation  of 

*  Th«  total  (niperfloioK  of  the  buln  of  the  Po,  down  to  Ponte  LftfrtMOtuo 
[F«TT»rft]— 8  puiiit  where  it  ku  loociveii  all  ite  afilaeut*— is  6.938,200  hec- 
Unty  tb«b  ii,  4,105,000  In  moiint&fn  Uad«,  2,382,000  In  pUEn  landa.— 
DuMOsrr,  Tratauji  PiMim.  etc,  i».  373L 

TbeM  latter  two  qiinntltiriii  ar«  tqiml  mttpeodvotj  to  10,14A,34R,  and 
6,909.608  acrea,  or  l!i.85S  and  I0,D37  Hquani  milw. 

t  I  do  ncTt  use  ihoM  qtuuititiM  u  faobors  tho  value  of  which  U  pnxTiMlj 
uecrtotBcd  ;  nor,  for  the  purpoeei  of  the  preaenb  arfament.  Is  q'luuititatiTa 
exnutnoss  iinpartamt  I  emiiloj  nuin(°rini]  xtAtements  dinplj  as  a  Beam  of 
aiding  the  imogiiifttioii  to  form  a  general  and  oeitafnly  not  extraTa^ntideaot 
tho  extent  of  pcosraphical  reToIationa  whidi  man  bu  done  mush  to  aoooletnte, 
if  not,  ntridly  ajieftldng,  to  prodnce. 

Tbirn^  IB  an  old  praTei)>,  Dotiu  Uiltt  in  ffmgmlifni*,  and  Arthur  Tonng  is  not 
tho  oalj^  puMio  eoooomUt  irhr)  bna  wnmod  hi*  reason  tuc^nst  Che  deceitfnlnoM 
of  round  natnlienk  1  think,  on  tho  oontrarjr,  that  vasUjr  mors  error  baa  fa««a 
pmdiKXil  hj  the  affcotatlon  of  praciirion  in  oaaoa  when  pttebJoa  is  Empoatiblo. 
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the  momitains  U  duo  to  the  destroction  of  the  forests — that  the 
flanks  of  every  Alpine  valley  in  Central  Europe  below  the 
snow'lina  wuro  onco  covered  with  earth  and  green  with  woods, 
but  tlicre  are  not  many  porticnl&r  cases  in  wliich  we  can,  with 
certainty,  or  even  witli  strong  probability,  affirm  tlie  contrary. 

Mountain  Slide$. 

Terrible  as  are  the  ravages  of  the  torrent  and  the  river-flood, 
tlio  destruction  of  the  woods  exposes  human  life  and  industry 
to  cal»mitie«  t*von  more  apimlling  than  those  which  I  have  yet 
deecribed.  Tlio  slide  in  tlio  Notch  of  the  ViHiitc  IComitains,  by 
•which  the  Willey  family  lost  tlioir  lives,  is  an  instance  of  the 
sort  I  refer  to,  though  I  am  not  able  to  say  that  in  this  particn- 
lar  case  the  slip  of  the  earth  and  rock  was  produced  by  the 
denudation  of  the  surface.  It  may  have  been  occasioned  by 
this  cause,  or  by  the  cmstruction  of  tlie  road  tlirtjiigh  the  Xotrh, 
the  excavations  for  whii:h,  perhaps,  cut  thmugh  the  natural 
bnttresscs  that  supported  the  sloping  strata  above. 

Not  to  speak  of  the  fall  of  earth  when  the  root**  which  held 
it  togctJicr,  and  the  bed  of  leaves  and  moidd  which  Bhcliered 


In  all  the  gfoal  opentlonR  at  tcrreEtrtol  nature,  the  e]cm«]ta  ars  wi  nnnennia 
ind  M  dlfflmlt  of  «xaot  appreoiatica,  that,  actU  the  m««D>  of  Hi«Dtifio  obter- 
mtign and  tneaaoramant  ore  noch  inoro  perfected  tbaa  they  now  are,  wa 
muit  ooDtant  DtUMlTOt  witb  gcaaral  approximatioDa.  I  itay  tfrreMtrutt  nature, 
ttecAuae  In  oooniail  moTemenbi  ire  have  fewer  elBuiontB  to  deal  with,  oiul  inajr 
tlMtefore  airiTe  at  niiioh  more  rij^rons  proportional  accaracj  in  detcrmiiuttioa 
of  tiniR  and  place  than  we  oan  in  ftxini;  and  predicting  the  ciuaotities  and  tlie 
epochs  of  riLhat>l«  satoral  phe&oincDa  on  the  earth'*  Borface. 

TraTcUcni  are  often  mioled  by  looaJ  habits  in  the  tuo  of  what  may  bo  collml 
rcpraMutelive  uombcis,  where  a  definite  u  pat  for  an  indcflnfto  quoatilr.  A 
OreA.  wfto  wiafaad  to  expreea  the  notion  of  a  gnal  but  nnde(ermine<l  imn> 
Iht,  uaed  "myriad,  or  t«n  thooaand;"  ■  Itoman,  "six  hundred;"  on  Orien- 
tal, "forty."  or,  at  prewnt,  rery  onmmonty,  "fifteen  tfaoaaand."  Many  a 
tourixt  haa  gTavely  t«peat«d,  aa  an  aac«rt«i&ed  fa«t;  the  ragne  •Ut«m«nt  of 
titn  AnlMand  the  noolra  of  Uoiut  Sinai,  that  the  afloent  tniia  tim  convent 
of  Bl.  Catherine  to  tlie  bummit  of  Orlicl  Hoo«a  coanta  ''fifteen  thonaand" 
Btcpa,  though  the  differeDoeof  lord  iatwi^  thooMnd  feet;  and  Uie  "  Pottj" 
ThlevM,  the  "fortj"  martyr-mODka  of  the  ooorent  of  El  Arboin— not  to 
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it  hotli  from  disintegrating  frcet  aud  from  stidOeii  dreudiing 
and  diseoliition  by  heavy  ghowcre,  are  gone,  it  is  easy  to  see 
tliut,  in  a,  ctitnato  with  severe  winters,  tlio  removal  of  the  for- 
est, and,  L!onseqiioiitly,  of  the  W)il  it  had  contrihiitod  to  form, 
might  can^j  the  displacement  and  descent  of  great  mas^s  of 
rock.  The  woods,  the  vegetahle  mould,  and  ilie  soil  l>eueath, 
protect  tlic  rocks  they  cover  from  the  direct  action  of  heat  aud 
cold,  aud  from  the  expansion  and  contraction  whirh  aecomiwiiy 
theni.  Most  ro<*!is,  while  covered  with  earth,  contain  a  con- 
siderable fjuantity  of  water.*  A  fragment  of  rock  pervaded 
with  moii;tiire  erack?  and  splits,  if  thrown  into  a  fantace,  and 

■peak  of  m  Birailor  am  of  tli{8  numcnil  in  mors  Important  cum — IiiiTe  oftoa 
bMn  iuid«ntood  aa  «xpi«BidoDfl  of  a  Imowo  Dumtxir,  whea  in  fiiot  tbqr  nicaa 
linplf  tattnif.  The  numbor  "  lifteeu  thoujund  "  hut  found  ila  vnj  to  Rome, 
and  I>«  (juinc«j' Mrioiulf  infonn*  tu,  «n  tha  ktitboritjr  of  a  lady  wbo  luul 
been  at  much  paliui  to  ■Bcnrtntn  iho  taaet  tnith,  thai:,  incltidiDg  c](»otA  )arg« 
esough  for  a  ImkI,  th4>  Vnticnn  oontAinm  lift««n  thoofiand  rooms.  Any  one  wlio 
baa  obflvrrrd  the  raitt  lUmcnaioiui  of  moKt  of  tho  ainrtmeiita  of  that  Htnictnre 
will  admit  that  w«  make  a  very  small  allowaaoe  of  space  when  we  anigu  a 
■qoare  rod,  aJxtecn  and  a  half  feet  aqnare.  to  each  room  upon  tho  aveiage. 
On  au  oure,  there  lujgbt  be  one  hnudrod  anil  mxty  mich  toomis  including  p«rU- 
tion  walla;  and,  to  cxintain  fifteen  thouannd  of  them,  a  balldfop  mnntoover 
store  than  ulno  ftcrei,  and  be  tea  atoriea  hlgfaf  or  powwM  other  eqaivnlent 
dlmemriona,  which,  an  every  IniTeller  linowa,  many  tdmca  exneeda  the  truth. 

Tho  value  of  a  hi(;h  BtAodard  of  acenracj  in  acioDUlio  obeervation  am 
hftrdly  Iw  oTen»ted ;  bnt  habito  of  tlgorooa  exaotawaa  will  nerer  bo  formed 
bj  au  ioTMtisator  who  allows  himself  to  tnut  implicitly  to  tbe  numerical 
precMon  of  the  mnltii  of  a  few  experiments.  The  wonderful  oGanracT-  of 
fbodecia  meaiai«ment«  In  modeni  ttmM  ia,  in  geiteraL,  attained  by  taJcing  tbe 
moflo  ot  a  great  nmnber  of  ohwrratlanR  at  every  statJnn,  and  thlK  final  pro- 
cUon  is  bat  the  mutoal  beiauoe  and  compeoaation  of  nameroaa  exroia. 

Tbe  prct«nd<?d  exaotnoM  of  irtatlatlaal  tftblea  Is  too  often  Uttle  better  than 
an  fmpostote ;  n:id  thoM  foonded  not  on  direct  estimation  by  oompetont  ob- 
Bsrvera,  bot  on  the  report  of  per»onB  who  hare  no  partfeatar  jnt«rc«t  in  know- 
In;  the  tmth,  but  often  hare  a  motive  for  diirtoiting  It,  are  commonly  to  be 
legarded  aa  hot  rttgnc  gnwooa  at  the  aottuU  facL 

*  Bock  la  permcAhlo  by  water  to  k  greater  extent  tlian  la  geuaallj  aiq»* 
pond.  Preahly  f|nanicd  marUe,  and  even  granite,  aa  well  aa  moat  other 
stoncM,  nre  aenidbly  heavier,  na  well  as  softer  and  men  eaaOy  wrought,  than 
after  tliey  arc  driMl  and  hardened  by  air-Bcaaoninif.  Uaoy  sandstnnee  an 
ponnia  enongh  to  aerre  as  filters  for  tlqaida,  and  mnch  of  that  of  ITpper  Egypt 


2se 


VOCKTAU   6UDJS6, 


sometimes  with  a  loiul  dutonatiaii ;  aud  it  is  a  fumiliar  ob- 
servation that  the  fire,  in  buniing  over  nt-wly  cleart'd  Iniidij, 
brcaka  U]i  and  scmictiiucs  ahtujat  pulverizes  the  stoucs.  This 
cfiFoct  is  due  jmrtly  to  tho  niioquat  expansion  of  the  stone,  partly 
to  the  action  of  heat  on  tlie  water  it  contains  in  its  pores.  The 
enn,  siiddoiily  let  in  ujmii  rock  which  had  been  covered  with 
nioiet  eaith  for  centuries,  produces  more  or  less  disintegration 
in  the  same  way,  and  tho  stone  is  also  uxprweJ  to  eheinifal  luilii- 
eucea  from  which  it  was  sheltered  before.  But  in  the  climate 
of  the  United  States  as  well  as  of  the  A1[ib,  frost  is  a  still  more 
IHiwerful  agent  iii  breaking  up  mountain  masses.  The  w>il 
that  protects  tlic  lime  and  sandstone,  ttic  slate  aud  the  granite 
fmin  the  iiifluenco  of  the  snn,  al&o  provoiita  tlie  water  which 
filters  into  their  crevices  and  between  their  strata  from  freos- 
ing  in  the  hardest  winters,  and  the  moisture  descends,  in  a 
liquid  form,  until  it  escapes  in  springs,  or  passes  off  by  deep 
subterranean  channels.  But  when  the  ridges  ai-e  laid  bare,  the 
water  of  the  autumnal  rains  611a  the  minutest  jx>ro6  and  veins 
and  fissures  and  lines  of  separation  of  tho  rocks,  then  suddenly 
freezes,  and  bursts  asunder  huge,  and  apparently  solid  blocks 
of  adamantine  stone.*  Where  the  strata  ate  inclined  at  aeon- 
sideraitic  angle,  the  frce/.ing  of  a  thin  Him  of  water  over  a  large 

and  Xabia  hiuw  uiilll)!^  when  tlkrown  into  water,  from  tha  eaoape  of  the  air 
f oioed  out  of  it  by  hf  dtovtstio  prauunt  and  Lbe  cnpULuy  RUnuttion  of  Um 
pon*  for  water. 

Etcu  tb»  deuMt  sUtuiDUJi  atopc*  ore  p«uetnbl«  by  Quida  uid  Ujo  coloring 
matter  they  contain,  to  tmch  nn  extent  that  agnlM  and  other  forma  of  sUez 
may  be  artificially  itoinod  tluroo^b  tirna  anbctonoo.  The  colors  of  the  rtooM 
ant  at  Otwisteln  ore  ffenerolly  produced,  or  at  least  bai{{btoned,  by  art.  Tbia 
ait  waa  known  to  and  practiaed  by  the  ouoieiit  lapidariea,  and  it  baa  been  r»* 
Tired  in  taoent  timns. 

*  Faliaqr  had  obaerred  the  aotioa  of  troat  la  dkiotetfratin;  rock,  aud  he 
thos  deacribea  it,  in  bia  c«ay  on  the  formation  of  ioa:  "I  know  that  tha 
•tooes  of  the  inoaulAius  of  Ardenoea  be  harder  tbao  marble.  Xeveithcleaa, 
the  people  of  that  oonutry  do  not  qnony  the  a^d  atones  in  winter,  fur  that 
they  be  aubject  to  front ;  aud  many  timei  the  ruoka  have  beea  aMn  to  fall 
without  being  cut,  hy  means  whereof  nuu^y  people  have  been  killed,  when 
the  aaid  rocka  were  thawtuy."  Paliaay  vraa  ifnotaat  of  tha  exponidou  of 
water  in  tseeting — in  Ikct,  he  suppoeod  that  the  tneohanical  foroo  exerted  by 
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iiitcrfttratal  area  might  occa&ion  a  slide  that  shouhl  cover  miles 
witl]  itn  ruiim;  and  similar  reeiilta  might  bo  pniduced  I»v  the 
fiiiiipk  hydrostatic  prcaaiiro  of  a  column  of  water,  admittotl,  Uy 
the  reinoml  of  the  covciditg  of  earth,  to  How  iuto  a  crevive 
faster  tliau  it  could  esenpe  through  orifices  below. 

Earth  or  rather  mountain  elides,  compared  to  wliich  the  ca- 
tafttropho  that  hiiried  the  AVilley  family  in  New  Hampshire  was 
bnt  a  pinch  of  dust,  have  often  occnrred  in  the  Swiss,  Italian^ 
and  Frcndi  Alps.  The  laiid-Rlip,  which  overwhehned,  and 
covered  to  the  depth  of  eeventy  feet,  the  U)vvn  of  Plurs  m  tlie 
valley  of  the  Maira,  on  the  night  of  the  4lh  of  Sei>tciubor,  1{>18, 
sparing  not  a  aool  of  a  population  of  2,430  inhahilniits,  is  nno 
of  the  most  memorable  of  tliese  catafitrophe?,  and  tlie  fall  of 
the  Rwisberg  or  Kufiberf^,  which  deatroycd  the  little  town  of 
Ooldnu  in  Switzerland,  and  450  of  1(3  people,  ou  tlie  2d  of 
Sej-tember,  1SO0,  ia  almost  c(]ually  celebratwl.  In  1771,  ac- 
eoriling  to  WeKscly,  the  nioiintain-ponlc  Piii,  near  Alleghe  in 
the  province  of  Hellnno,  fllipi>eil  into  the  bed  of  the  Cordevole, 
a  tributary  of  the  Piave,  dcetroying  in  its  fall  three  hamlets  and 
sixtj-  livcg.  Tlie  rubbish  filled  the  valley  for  a  distance  of  noai-ly 
two  miles,  and,  by  damming  up  the  waters  of  the  CttrdcvolCj 
formed  a  lake  about  three  miles  long,  and  a  hundred  and  fifty 
feet  deep,  which  etill  RMl«iBtA,  though  nuluced  to  half  its  origi- 
nal lengtli  by  the  wearing  down  of  its  outlet.* 

The  important  proviuuial  town  of  Veleia,  near  Piacenza, 
where  many  interesting  antiquities  hare  been  diecovored  within 

bvesinic-irator  <kbm  daa  to  oomprMsioii,  not  dUntotioo — and  th«reforB  bo  ■■- 
cribM  to  tbaving  olono  effect*  rtisaiting  not  Ion  from  oonp;UUoii. 

VarioQs  forg«&  oombiiw  to  prodaco  the  stuua  KVMlanobM  ot  tha  higher  Alpa, 
ttt«  fftll  of  which  ui  one  of  the-  grcntcA  dkngon  inoarrod  hj  th«  adventiinma 
tix)i]oipn  of  those  ngioaa — the  direct  ooUon  ot  tha  mm  apOD  tho  atone,  Ute 
expsDHiun  of  fri^euDg- water,  aiu)  the  looaeniny  of  manea  of  rode  bj  die  thaar- 
tng  of  thv  ico  which,  sapported  thetn  or  h«U  them  tofetlter. 

*  Vkshkui,  Dis  OaOerreic/iiarAem  AtpuJdnder  uhd  iUre  Forttf,  pp.  13.1, 
120.  Weaaalf  raoorda  aaveral  otber  mom  or  leaa  aiiuUttr  oooarTeiic«a  in  tli« 
AoatHiui  Alpa.  Some  of  tiiam,  oertalnl;,  axo  not  to  ba  aaoritiad  to  the  removal 
of  tlie  wooibi,  hut  in  niuat  cue*  they  arc  deaitly  tnoe«bIa  to  that  cauae, 
8m  Mnut  df  Eaux  tt  FvriU  for  teiD,  pp.  189,  SOS. 
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a  few  years,  "was  buried  by  a  vast  latid-slip,  probably  about  tho 
timo  of  Prabxis,  but  no  historical  record  of  the  event  Jiaa  9U> 
vivcd  to  us. 

On  tlie  X4th  of  February,  1855,  tho  hill  of  Belraonte,  a  little 
lieluw  the  parieli  of  San  Stefano,  in  Tuscany,  slid  into  tho  val- 
ley of  tiie  Tiber,  which  conseqnertly  tiooded  the  village  to  the 
doptli  of  tifty  feet,  and  was  finally  drained  off  by  a  tuoneL 
TliP  nines  of  dc^iris  is  etated  to  have  been  about  3,500  feet  long^ 
l,0<Xt  wide,  and  not  Icps  than  COO  liigh.* 

Ocourrenoesof  tliisaorthftve  bconnoniiinoroas  in  the  Aljis  and 
A|>oiintiic>i,  that  alnict^t  ovcry  Italian  mountain  commune  Iiiui  its 
tradition,  its  i-ecord,  or  its  still  visible  traces  of  a  great  land-slip 
M'ithiu  ita  own  limits.  The  old  t:hronielera  contain  frequent 
notifies  of  Buch  calamities,  and  Giovaimi  Villaui  even  records 
the  destruction  of  fifty  honses  and  the  loss  of  many  lives  by  a 
Blido  of  what  Booms  to  have  been  a  Rpnr  of  the  hill  of  San 
Giorgio  in  the  city  of  Florence,  in  tho  year  1284.t 

Such  displaceinonta  of  earth  and  n>cky  strata  rise  to  the  mag- 
nitude of  ge<>Iogica!  convnUious,  but  they  are  of  so  rare  occur- 
rence in  countries  still  covered  by  the  primitive  forest,  so  com- 
mon where  the  mountains  have  been  stripped  of  their  native 
covering,  and,  in  many  rascR,  bo  easily  explicable  by  the  drciieli- 
ing  of  inc(»hosivo  earth  from  rain,  or  the  fi-ee  adiniiwion  of 
water  between  tho  strata  of  rtfcks — both  of  which  a  coating 
of  vegetation  would  have  prevented — that  we  are  justified  in 
nscrlbing  thyni  for  tlie  m<i«t  part  to  t!ie  saine  cause  as  that  to 
whidi  tlie  destructive  effectfi  of  mountain  torrents  are  chiefly 
dne— the  felling  of  the  wooda.} 


•ntiUroit,  Appendix  to  tfae  Italian  tnmslation  of  Itm  ScDTERViUJt'fl 
Phffthal  Oto^rapAjf,  p.  xxxvL 

t  Crmien  di  Giuvax7(i  Viixani,  Ub.  Til,  cip.  97.  For  dMari[)tiont  o( 
other  (dides  In  Italj,  >ee  nine  luiUior,  Ufa.  xt,  oa^.  3Q ;  Fakfaki,  Anielogia 
lUdtana,  pwta  ii.,  p.  M ;  Oidliahi,  lAnguaggia  viemtt  <UZ<i  T^moomi,  1863, 
IflttaiafiS. 

}  Tbore  in  giood  reoaon  for  tUnklnir  that  Duny  of  the  «arth  Kod  rook  didM 
In  the  Alpn  oeoumd  at  on  «ulicr]i«rliid  thaa  the  origin  of  the  forMtvogeta- 
tioa  which,  in  later  scea,  oovered  tho  ftoalcs  ot  thoae  mowitains.    See  SeHeSt 
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In  nearly  ever)-  cmo  of  this  sort  the  circntnateQiOM  of  which 
are  Itnown — except  tlio  rare  iiiBtanues  attrihtitahle  to  eurth- 
i|iiiike>) — the  imiiicdiata  caii»o  of  tlio  t^l)j>  hitfi  been  the  imUihU 
tion  of  water  in  targe  qnautities  hy  bare  earth,  or  ita  intrwluc- 
tiou  between  or  beneath  solid  strata.  If  water  iiiainimte?  it&elf 
between  the  strata,  it  creates  a  Bli<liiig  snrfttce,  or  it  may,  hjr 
iU  expansion  in  freezings  separate  beds  of  rock,  whicli  had 
Iioen  nearly  csontinimus  Ijcfore,  widely  enough  to  allow  tlte 
gravitation  of  the  sn peri ncuni bent  raaM  to  overcome  the  re- 
eistance  afforded  by  inequalities  of  face  and  by  friction ;  if  it 
finds  its  way  beneath  hard  earth  or  rock  rcixsing  on  clftv  or 
<itlier  bedding  of  eimiilHr  properties,  it  converts  tlio  supporting 
layer  into  a  Bemi-fliiid  mud,  which  opposes  no  obstacle  to  tho 
hliding  of  t}ie  strata  above. 

The  upper  part  of  the  mountain  wliich  luiried  Goldau  was 
composed  of  a  hard  but  brittle  conglomerate,  called  na^dfiii^^ 
resting  on  nn  nnctiioiis  elay,  and  inclining  rapidly  towards  the 
village.  Much  earth  remained  upon  the  r<>ck,  in  irivgnlar 
mosses,  bnt  the  wonds  had  been  felled,  and  the  water  had  freo 
access  to  the  surface,  and  to  the  crevices  whiirb  Buti  and  frost 
had  already  produced  in  the  rock,  and,  of  course,  to  the  slimy 
stratum  beneath.  The  whole  enmmcr  of  1S06  had  lieen  very 
wet,  and  an  almr^t  incessant  deluge  of  rain  had  fallen  the  ilay 
preceding  the  cala^tropho,  as  well  a$  on  that  of  \\a  oeciU'rencQ. 
All  conditions,  tlien,  wore  fa%'orable  to  the  sliding  of  the  rock, 
and,  in  obedience  to  the  laws  of  gravitalion.it  precipitated  itself 
into  the  valley  as  eoou  as  its  adhesion  to  the  eailh  beneath  it 
waa  destroyed  by  the  eonvereion  of  the  latter  into  a  visiwiis 
paste.  The  mass  that  fell  measured  between  two  and  a  half 
and  three  miles  in  length  by  one  tlionsand  feet  in  wiilth,  and 

iihfr  die    UnUnueifung  tier  AAiMwrfwAAt  UotkgtMrgmtaiitan^n,  18't3.  p. 
61. 

When  more  recent  slide*  b&Te  been  agmfn  dotbad  witli  woods,  iba  tract, 
Bhmlo,  uxl  sfD&Uer  pl&nta  whioii  BpoataoMmd^  grow  upon  tben  uviMO&UroC 
diffoRtit  KiKsncR  from  tltoae  obaemd  opon  aoll  d»|il»oed  »t  mnot«  p«rloilK, 
TIiu  difference  Is  so  marked  ttut  the  «te  of  a  nltdo  oaa  oftwi  ba  Roo^scd  ai 
a  ffnwt  distADoo  \>j  ibe  gtmeral  oolor  of  tb«  foliAE^  of  it«  Te^retation. 
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its  average  thickness  is  thonght  to  have  been  abont  a  hundred 
feot  The  highest  purtion  of  the  in«uiitain  was  more  thau 
three  thunsaml  ftxtt  obnve  tlie  village^  and  tho  moinentaia 
acqniiTid  by  the  nwk*  and  earth  in  their  descent  airrU'd  huge 
blocks  of  Btone  far  up  tlie  opposite  6h>pe  of  tlio  Rtgi. 

Tlie  Piz,  which  fell  into  the  Cordevole,  rested  on  a  steeply 
inclined  stratnin  of  limcBtonc,  with  a  thin  hiycr  of  calcareous 
nmrl  intervening,  which,  by  long  ex[x««re  to  froet  and  tlie  iu- 
iiili-ation  of  water,  had  Wt  its  original  coiir>ist:euce,  and  become 
a  loose  and  slipperr  ina&s  iueteod  of  a  cohesive  and  tenacious 
bed. 

Protection  ayainst  Avalanches. 

In  Switzerland  and  olher  snowy  and  monntainotiB  conntries, 
forests  render  a  most  in»i>ortant  service  by  preventing  tlie  foi*- 
mation  aixl  fall  of  detitructlve  avalanches,  and  in  many  parta 
of  the  Alps  exposed  to  this  catastrophe,  tlic  wocxb  are  pro- 
lectod,  though  too  often  ineffectually,  by  law.  No  forest,  iii- 
detHl,  fonld  arrest  u  large  avalmiche  once  in  fnll  motion,  but 
tho  mcehaniufll  reslataneo  afifoniod  by  the  trees  prevents  their 
formation,  lioth  by  obstructing  the  wind,  which  gives  lo  tJie 
dry  snow  of  the  Sta/tdi-Luwinfi,  or  dnst-avalaiiche,  its  first  iin- 
palee,  and  by  cheeking  tho  dis|>osition  of  moist  anow  to  gather 
itself  into  what  is  called  the  i?«/W/-/>/7/iiW,  or  sliding  ava- 
lanche, Ifarcliand  states  that,  the  s&vy  first  Avinter  after  iJie 
felling  of  tho  trees  on  the  higher  part  of  a  dealiviiy  betwooa 
Haanen  and  Osteig  where  the  snow  had  never  been  known  to 
slide,  an  avalanche  formed  itself  in  tlio  clearing,  thundered 
'down  tlie  mountain,  and  overthrew  and  carried  with  it  a 
Jtitherto  nnviolatcd  forest  to  tho  amount  of  nearly  a  million 
•cnbic  feet  of  timber.*  £lis4.^e  Kcclus  infonns  ns  in  his  ro- 
inarkablc  work,  ta  TVrrtf,  vol.  !.,  p.  212,  that  a  mountain,  whiub 
rinestothesoiithof  ihePyrennean  villa^  Araguanel  in  tho  upper 
valley  of  the  Xeste,  haWng  been  partially  stripped  of  its  woods, 
a  formidable  avalanche  rushed  douii  from  a  plateau  aU>ve  iu 
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15J6,  and  swept  off  more  than  15,000  pine-trees.  Tlio  path 
once  opened  duini  the  flanks  of  the  mouutain,  the  evilis.«hno8t 
heyonrl  remedy.  The  snow  Bometimea  carries  off  the  earth 
frt>ra  the  face  of  the  rock,  or,  if  tfie  soil  is  left,  fresh  slide* 
ev^ory  wntcr  destroy  the  yonng  plantations,  and  the  restoi-atioii 
of  the  vftKtd  beeomoB  impoesiMo.  Tho  track  widpim  witli  every 
new  nvalaiiehe.  Dwellings  and  their  occupants  are  buried  in 
the  enow,  or  swept  away  by  tLe  rushing  mass,  or  by  the  f  urioos 
blasts  it  occa@>iun5  tliroiig'h  the  displacement  of  the  air;  roods 
and  bridges  are  destroyed ;  rivem  blocked  np,  which  swell  till 
they  overflow  the  valley  above,  and  llien,  bursting  their  snowy 
barrier,  flood  tbe  fields  below  with  all  the  horrors  of  a  winter 
inundation.* 


*  Tbo  importance  of  Ui«  wood  la  prarontiag  nvmlaiiQbw  ia  wall  Ulustnted 
bf  tlic  fact  ihAt,  whare  tli«  formt  is  uruitinff.  tb«  uJubituito  of  k>caliti«8  ex* 
posed  to  snow-tUdM  often  rapplf  tho  pLucu  of  tho  trees  by  diiviug  Btakes 
tbroogb  the  now  into  the  ground,  and  ttms  obecUng  ft«  propen£i^  to  Blip. 
The  wooda  tbemaelves  we  Mmetimee  tlius  ptoteoted  against  sTaloncbes 
onguuting  on  slopes  ebove  them,  end  u  a  forUier  eeoottty,  eiaall  ti:«M  are 
ont  down  aloog  tlie  nppcr  line  of  the  forwt,  and  laid  againxt  the  tranka  of 
larger  treea,  tnumenoly  ta  tho  p«th  of  lh«  slide,  to  eerre  ae  a  feooe  or  dam 
to  ths  motioa  of  an  indpieDt  avAlaaubn,  which  toay  hj  this  means  be  ureeled 
before  it  AO<iTiirM  a  dcstrnctiTe  TClocltj  and  force. 

la  the  Tolumo  cited  in  the  toxi,  ReduH  iafonna  na  that  "  the  villago  and 
the  fn«at  thermal  establishracDt  of  Barigea  in  tho  Pyrenees  were  thrcateoed 
yearljr  by  avalandies  whicfa  preoipitaled  themselves  from  a  beight  of  1,S00 
mtecs  And  at  ao  angle  of  85  degrees;  so  cbat  the  inbabiMnU  had  lieen  obliged 
to  leoTe  UcgD  spaoaa  betweea  tho  diffenat  quaiteia  of  tho  town  for  tbo  fkee 
paaaage  of  the  descending  maascs.  Attempts  have  been  ceoentlj  made  to 
prerant  these  aTBlaaohes  by  maaiia  similar  to  these  employed  by  tbo  Swim 
mnnfeaineers.  Tbey  cut  terraoes  three  or  four  yazds  In  width  neroes  tho 
mtmntain  elopoH  and  sappoited  these  terraces  by  a  row  of  Iron  pilea.  Wattled 
fenci>s.  with  btM  and  there  a  wall  of  stone,  shelter  the  yoonv  abooOi  of  trees, 
which  grow  np  by  degrees  under  the  proteotioo  of  tbeee  dsfenoae.  Until 
nntnral  trees  nre  ready  to  arrext  the  snows,  these  srtiBetal  aopporta  tahe 
kbeit  place  snd  do  their  daty  my  well.  The  only  avnlanoha  whhib  swept 
down  the  slope  in  the  year  18<)0,  wbrn  these  works  were  oonpleted,  dU  not 
amount  to  350  cnbia  ynrdA.  whila  the  massiiB  which  fsU  before  this  wocfc  WBI 
aadt^rtakan  aootainod  from  79,000  to  60,000  cubic  yaida."— £a  Ttm,  toL  L, 
p.  2^3. 
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under  artificial  stimulBtiuii  and  protection,  aud  fiiiallv  beoome 
itardy  enough  to  maintain  an  independent  existence  in  very 
different  ciruurnstancca  from  those  wbidi  at  present  seomceeeu- 
littl  to  their  life. 

Besides  this,  although  the  accounts  of  the  growth  of  seeds, 
which  liave  lain  for  ages  in  tlic  ashy  dryness  of  Kgyptian  eata* 
combs,  are  to  be  received  with  great  cautioti,  or,  more  proba- 
bly, to  be  rejected  altogether,  yet  their  vitality  e^t'ins  aliiuiBt 
iiiil>eri8hable  while  tliey  remain  in  the  situations  in  which  nature 
deposits  thein.  When  a  forest  old  enough  to  have  witneaged 
the  mysteries  of  tlio  Druids  is  felled,  trees  of  other  species 


cooiditioiu  upon  vhi'ch  the  life  or  Tigorotu  growth,  of  snuilleT  orgwusns  d«* 
pondA  Fartioalor  Apaelefl  of  trutUcH  luu)  ot  miifllirooiiui  an  found  WMwdfttcd 
with  puticuJar  trees.  wKhoat  boin^,  m  la  popularly  aupyosed,  punntca  dcriT- 
ing  tbeit  natmacnL  txom  the  dyiti^  or  dead  zoota  of  UiOM  tnog.  The  moooia 
of  Boniueaa's  cxpcrimenU  seem  di^cisive  on  this  point,  for  ho  obtains  larffei 
arofM  of  InDlM  from  gronnd  oovered  with  jroanjr  uedUni;  oalu  than  from  that 
BIted  with  roots  of  old  trees.  See  an  artjvle  on  Mont  Voutoox,  bjr  Ubarlea 
Hartioii,  in  the  tifrue  dtn  liana  MwvUm,  Avril,  1808,  p.  6^. 

It  ought  to  be  much  more  gBuorally  known  than  it  u,  thnt  mmit  If  not  all 
mushrooms,  even  of  thoiti>uui>«  rpjintcd  paisomtius,  may  be  rendered  barmlcM 
■ad  healthful  a«  food  by  eoakioj;  thein  for  two  boura  tii  mctdiilutnl  or  aolt 
water.  The  water  roquinM  two  or  thr^o  BpouofoLi  of  Tinp^w  or  two  lepoon* 
fulfl  of  gtaj  salt  to  tlio  quart,  and  a  quart  of  water  id  enough  for  a  pound  of 
aJioed  mnahrooma.  Afl«r  thus  Bonking.  thuy  are  well  waflhed  in  freah  wat«r, 
thrown  into  cold  water,  whioh  ia  taiMd  to  the  boi1in|f-point,  and,  after  ru- 
mahiln;  half  an  hour,  taken  eot  and  a^D  wadied.  Oirard,  to  prove  that 
"  ur^impntii  u  wbolenonie,"  ate  one  hundred  and  Mtvenly-flve  jKinmla  of  tlio 
moHt  poiMonoua  mnahrooma  thua  prepared,  la  a  alng^Ie  month,  fod  hb  fiunilj 
od  Uiiitfim  with  the  Mina,  and  Anally  adminUtered  them,  ia  heroic  doMs,  to 
fcho  membeia  of  a  oomwittm  appoiabed  by  the  Conooil  of  Hcnlth  of  the  oity 
oTPuia.  8«ePioimu,£'iiiu>^£i}i;(iU{f^e,180S,  pp.  863,8(H.  It  ihoiUd  b« 
obMimid  that  the  Tanonunu  prinoiple  of  petonoaa  mtwhroonu  is  not  docom- 
poaed  and  nuidfirad  InnoocBt  by  the  prooen  deaerlbed  In  the  noU.  It  ia  tnvrely 
estrauted  by  the  acidulated  or  nilae  water  emitloyed  for  sonkiu);  the  plnirte. 
and  «ai«  ahoold  be  taken  that  this  water  be  thrown  away  oat  of  the  reach 
of  mischief. 

It  has  loQit  been  known  that  the  Ra«dan  peasantry  eat,  with  impunity, 
mtMlirooms  of  apeoiea  ererywltere  elea  iwgaided  an  rery  polHOcans.  Is  it  nut 
pri^lmble  that  the  secret  of  renderini'  them  harraloes — which  woe  known  to 
Pliny,  tlurafh  since  fot;2oitea  in  Italy — is  poietMeil  by  the  nistio  tfuacovltas! 
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spring  up  in  ita  place;  and  wlicu  they,  iu  their  turn,  fall  l>o- 
fure  the  axe.  aometimea  even  as  scxm  aa  tliev  have  Bj>rea<l  th(tir 
pwtoctiug  shade  over  tlio  surfaoe,  tlio  germs  which  tlieir  prcdo- 
cesftore  had  ehed  years,  porhaps  {■onturioB  before,  Bpront  up,  and 
in  dao  time,  if  not  choked  by  other  tree*  belongiuj;  Ut  a  later 
Btago  in  the  order  of  ratural  succeMion,  restore  aguiu  the  origi- 
nal wwkI.  In  tlieso  eascji,  the  seeda  of  the  new  crop  may  have 
been  brought  by  the  wind,  by  birds,  by  qnudrnpods,  or  Iiy  oilier 
CAn&es ;  but,  in  many  instances,  this  explanation  is  not  probable. 

Vflien  newly  cleared  g;rotmd  is  burnt  over  in  the  United 
States,  the  aahea  are  hanlly  Cfdd  before  they  arc  covered  with 
a  crop  of  fire-wewl,  Scnccio  Awixtcifoliiis,  a  tall,  herbai-oous 
plant,  very  seldom  soon  growing  under  other  eireumstancee,  and 
often  not  t>t  be  found  for  a  diRtaiuw)  of  many  miles  from  the 
clearing;.  Its  seed^,  whether  the  frnit  of  an  ancient  vegetation 
or  newly  8t)wn  by  wiiiiis  or  birds,  require  either  a  quickening 
by  a  heat  which  raises  to  a  certain  high  ])oiut  the  temperature 
of  the  fttralntn  where  they  lie  buried,  or  a  special  pabulum  fur- 
nished only  by  the  combustion  of  the  vegetable  remains  that 
cover  the  ground  in  the  woods. 

Earth  brought  uj)  fi-om  wells  or  other  excavations  soon  pro 
duces  B  harvest  of  plants  often  very  unlike  those  of  tJie  local 
flora,  and  Ilaydcn  infonns  us  that  on  onr  ^reat  Western  desert 
plains,  "wherever  the  earth  is  broken  n]>,  tli«  wild  siin-ilimer 
{HeUantJkus)  and  others  of  the  taller-growing  plant-s,  though 
prcrionsly  unknown  in  the  vicinity,  at  onco  spring  up,  almost 
as  if  B|iont«neou8  generation  had  taken  pla«.'o."  * 

Moritz  Wagner,  as  quoted  by  Wttt«'er,f  remarks  in  Iiis  de- 
scription of  Mount  Ararat :  "  A  singular  phenomenou  to  which 
my  guide  drew  my  attention  is  the  appearance  of  several 
plants  on  the  earth-hoajw  loft  by  the  last  cataatropho  [an  carlh- 
quake],  which  grow  nowhere  else  im  iho  mountain,  and  hail 
never  Iwen  olwervotl  in  this  region  before.  The  seecU  of  these 
plants  were  pi-obalfly  brought  by  birds,  and  found  in  the  loose, 

*   Gf"ioffi«ai  Snrr-tjf  »f  HJKtMiAj;.  p.  435. 
-t  Ph\tHhdU(Ae  OtogntftM,  p.  4M. 
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eliiyej  eoil  pcmaining  from  tJie  streams  nf  tmicl,  Ihe  cuiiditiuiis 
of  growt.h  which  the  other  eoi!  of  the  mountain  refused  them." 
This  is  probable  enou<;ti,  but  it  is  hardly  le&e  m  that  the  tlnwinp; 
mild  bruiijjht  llieiii  up  to  tlie  influence  of  air  and  situ,  from  de^»llw 
where  a  previous  convulsion  bad  buried  thorn  a^rs  bofoi-e. 
Seeds  of  small  sylvan  plants,  too  deeply  buried  by  BiiccesBive 
layers  of  furest  foliage  and  the  mould  resulting  fi-om  it*  decoiii- 
|K»ition  to  bo  reached  by  the  plough  when  tho  trees  are  gone 
and  the  ground  brought  under  cultivation,  muy,  if  a  wi^^ur  poe- 
terity  replants  tho  wood  which  slieltcred  thdr  parent  etemit, 
germinate  and  grow,  after  lying  for  generations  in  a  &tute  of 
mippcnded  animation. 

Darwiu  ba\»  :  '*  On  the  CRtato  of  a  relation  there  was  a  large 
and  extremely  barren  heath,  which  had  never  been  touched  by 
tlie  baud  of  man,  but  several  hundred  acres  of  exactly  the  same 
nature  liad  been  enclosed  twenty-ftve  years  previously  and 
planted  witb  Scotch  fir.  Tho  dtaugc  in  tho  native  vcgetatJun 
iif  tlu3  planted  part  of  the  licath  wad  mott  remarkable — mo]*c 
than  16  generally  seen  in  ptiMJug  from  one  (piite  difTei-ent  &oiI 
to  another;  not  only  the  pnijKirtional  nunibora  of  the  lieath- 
plaiila  were  wholly  chauged,  but  ticeive  *>j)€ci€s  of  plants  (not 
wiuuting  gnit^see  and  hedges)  flourished  in  tho  plaiilatiun  which 
(Hiiild  not  Ik)  ftmnd  on  tho  licatli."*  Had  the  autlior  informed 
Wfi  that  tJie«o  tweK«Q  jilants  belonged  to  {>peciei)  whmo  seeds 
enter  into  the  nutriment  of  tlio  birds  which  appeared  with  the 
yuung  \{xxAf  wo  could  easily  Bceouut  for  their  presence  in  the 
Boil ;  but  he  eaye  di»tiuclly  that  the  birds  were  of  insecti%-oi-ony 
speuics,  and  it  therefoi'e  seems  moi'C  probablu  that  tlio  eccds  had 
Ijceri  deposited  when  an  ancient  forest  protected  the  growth  of 
tliB  plants  which  lK»re  theai,  and  that  they  sprang  up  to  new  life 
when  a  return  of  favorable  condicious  awiikcd  tliem  from  a  sleep 
of  4*cntuno6.  Darwin  indeed  aaye  that  tho  heath  *'  had  uover 
lii>en  touched  by  llie  hand  of  man."  Pcrhape  not,  after  it  bo* 
came  a  heath  ;  bnt  what  evidence  is  there  to  control  llie  general 
jtr(¥ntn]>ti<<n  that  this  heath  was  pi-eceded  by  a  forest,  in  whose 
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ebadu  the  vegetables  which  dnipitcO  tlie  seeds  in  question  ini^it 
have  grown  i  * 

Although,  tliereffire,  the  desti-uctioii  of  a  wmxI  and  the  re- 
cUiinin^  of  the  eoil  to  agricnlturat  need  Biipposo  the  dcAth  of 
its  emaller  dependent  lloi-a,  tlicse  revulutiuus  du  not  cxtdudo 
the  po6(jibility  of  its  resurrection.  In  a  praetieal  view  of  tho 
subjiH:t,  however,  we  nmat  admit  tliut  when  tlie  woochnan  fclU 
*  tree  ho  sacrifices  the  colony  of  humbler  growllie  which  liad 
v^et&ted  under  ita  proteotion.  Soine  wood-plants  are  known 
to  possess  valunblo  medicinal  proporticA,  and  cxpcriuicut  umy 
show  tiiut  tlic  niinibcr  of  these  is  gi-cater  tlian  wc  now  i^nppose 
Few  of  tJiem,  however,  have  any  other  euonmnieal  value  than 

*  Writ«ni  OD  T«i;«tabt«  phrkiulogy  record  nuiiicroaa  instiuioes  wl)«i«  wad« 
bav«  gTowD  dftec  If  ioK  dormant  for  agea.  Ttio  foUowIi^  oaoM  tie  tnenUomal 
bj  Dr.  Dwinht  (TmttU,  U.,  p\»,  438,  ■480). 

'^Thfl  Lomla  liu  Ponton,  Vcrnunit],  wUoh  luLve  hare  t>eeii  oitoe  ouIUrnted, 
and  AtfKiia  jwrmiUed  to  U«  wiut*  (oc  wvotal  jeon,  jitid  n  rioli  oad  flo*  growtb  of 
luLikof?  {Carya  poreitui].  Of  tbU  vood  thoro  ia  not,  I  believo,  a  litigle  tree 
In  ftny  oripttal  forest  within  fifty  intl««  from  tUs  upot  Th«  natire  tfrowth  wki 
ben  white  irfne,  of  which  I  did  not  Me  a  sltigle  stem  in  a  whole  grove  of  htek- 
OTT." 

T)iR  liic1u»7  (•  a  waloat,  t>earin|;  a  fralt  boo  heavy  to  he  Hkelj  to  be  uaivif^S 
flftj  milu  by  bird*,  ikad  besidus,  I  believe  it  l»  not  eaten  bjr  any  bird  indig?- 
nouit  to  Termout.  We  have  ancii.  hovrovtir,  on  a  ffirmcr  |uge,  tliat  birdii  tnuia- 
TMirt  the  imtraflg',  wUeh  when  fmh  in  probaMy  m  heavy  u  the  walnDt,  txaai 
oati  uland  of  tiie  ludiau  aruhi]ielago  to  Another 

"  A.  field,  about  five  mite*  from  Xottbiuniiton,  on  on  eminenee  called  RtH 
Hill,  whu  ooltivated  about  a  oentury  ago.  The  uitiva  growth  hero,  and  hi  all 
the  nuToiindbis  regloo,  mu  wholly  oelc,  chestnat,  eto.  Aj  the  field  belongud 
to  my  grandfather,  I  hAd  the  beet  opimrtouily  of  leanilng  itti  Iiistory.  It  con- 
tained about  five  aeree,  in  the  form  of  an  irrc^ar  ponUlelo^rani.  As  the 
aavifea  rendered  the  cultivation  daagerooi;  it  wai  given  up.  On  this  protuid 
there  aprang  ap  a  grove  of  white  plnee  covering  the  field  and  rotainlog  ite  Gif- 
mii  exactly.  So  far  aa  I  ramauber,  there  waa  not  In  it  a  atngle  oak  or  obeBtuut 
tree.  .  .  .  There  waa  not  ■  olnsle  pine  wboae  aceds  were,  or,  probably,  had 
(or  agee  bean,  nBoMuUy  uear  bo  have  l>Mn  planted  on  tliia  q>ot.  The  fact 
ttiat  theae  white  pines  covered  thie  field  euotly,  ao  ai  to  preeerre  l>oUi  it*  ex- 
tent and  ita  figure,  and  that  then  wen  none  in  the  nejghlwrbood,  are  docisive 
prouik  that  cultivation  brought  up  the  seeds  of  a  former  foretit  witltin  the 
limlta  of  vegetatloD,  and  giir«  theto  an  opportunity  to  genninate." 

See,  on  the  Suooeauon  of  tho  Foreet,  TaoHEAO,  Smmioiu^  p.  133  #<  M^f. 
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tliAt  of  furnishing  a  slender  pastnrage  to  cattle  allowed  to 
iMtiUi  in  tbe  wuodii ;  and  uvcn  thte  Biiiall  advmita^  in  far  utore 
tlian  compensated  by  the  mischief  done  to  tlie  young  ti-cco  by 
bmwshig  animals,  U]>on  the  wliole,  the  iuiportantio  of  this' 
cla«e  of  vegetahlee,  aa  phyeic  or  as  food,  is  not  sni^h  as  to  fur- 
nieli  a  vej-y  IcUiug  popular  argument  for  the  conservation  of  the 
forest  as  a  ncecasary  means  of  their  pcrpet nation.  More  jwtent 
rciiiodia.1  aj^eiits  may  supply  thoir  place  in  the  matcriti  metllcAy 
and  an  aure  of  grass-land  yields  more  nutriment  for  uittlo  than 
a  range  of  a  hundred  acres  of  forest  13iit  lie  whose  sympathies 
with  nature  have  taught  him  to  feel  tliat  tljore  is  a  foUou-ship 
between  all  God's  creatures;  to  love  the  brilliant  ore  better 
than  the  dull  iiig»tt,  iodic  silver  and  crystallized  red  copper 
better  than  tlie  shillings  and  the  pennies  forged  from  them  by 
the  coiner's  cunning ;  a  venerable  oak-ti-ce  than  the  brandy-cask 
whoee  staves  are  split  out  from  its  lieart-wtMjd  ;  a  bed  of  ane- 
mones, hcpaticas,  or  wood  violets  tluin  the  leeks  and  onions 
which  he  may  grow  on  the  soil  they  have  enriched  and  iu  the 
air  Uiey  made  fragrant — he  who  had  enjoyed  that  special  train- 
ing of  the  heiLTt  and  intellect  which  can  be  acquired  only  in  the 
nnviotaled  eanctnarics  of  nature,  *' where  man  is  distant,  bin 
(t»>d  is  near" — will  not  raslily  assert  his  right  to  cxtiri»ato  a 
Iribft  (.if  Imnuli'iss  vegclables,  barely  because  their  products 
neitht^r  tiL'kle  his  [valate  nor  fill  his  p'X.-ket ;  and  his  rugi-et  at 
the  dwindling  area  of  the  forest  solitude  will  be  aufrmented  bv 
the  reflection  that  the  nureeliiigs  of  the  woodland  perish  with 
the  piiK'H,  the  oaks,  and  the  beeches  that  shcltercd  tliem.* 

AlthoDgli,  as  I  liavo  said  in  a  former  diaptcr,  birds  do  nut 
f  ixtquent  the  deeper  recesses  of  the  wood,  yet  a  very  large  pi^r*- 

*  Qtulnt  old  Valniaor  bad  obserrecl  the  snbduinir  itillaeDca  of  untnn's  eoU- 
tad«*.  In  d«Mriblus  tbe  lonet;  Conlcer-Tlwl,  whinh,  ibongh  rockj,  vmm  in 
Us  time  wall  trooded  with  "■  fir,  Iu-bIuk  beochn  uid  olbor  Irooa,"  be  avs : 
■*  OI*d«MQ«D«M  uid  beautj,  which  dwell  Ib  ■atanj  Tnltejrs,  ntaj  not  be  looh«d 
for  there.  The  j'oamejr  through  it  U  obeedMii,  radaDoholy,  wouisooM.  uul 
•erweih  U>  t«mpt>r  and  mortifj  orer-jojoumen  of  thought.  ...  Id  Ritm  it  I* 
K  Ter7  deaert,  wboraiD  the  wildncu  of  huaaa  pride  doth  grow  toiae." — £krm 
**'Cr«&,i,p.  136.  b. 
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poi-tion  of  them  build  their  nesU  in  trees,  and  find  in  tlieir 
fuliage  and  branches  a  secure  retreat  from  the  mclcmeuuicA  of 
the  Bcat;oii«  and  the  piii-sait  of  the  reptiles  and  qiiadnipeds 
which  prey  upon  theui.  The  borders  of  tlie  forests  are  vocal 
with  s«"»iig;  and  when  the  grav  and  dewy  morning  calls  tlie 
creeping  tliinf^  of  the  eaith  out  of  their  night-cell«,  it  Bummong 
from  the  neighboring  wood  legious  of  tlieir  winged  encmicfl, 
which  swoop  duwn  upuu  the  fleldu  to  save  inaii'd  harvi;$ts  by 
devotu-iiig  the  destrujiiig  worni,  and  surpriuing  the  lagging 
boetlu  in  his  tardy  retreat  to  tlie  dark  cover  where  he  lurks 
through  the  hours  of  daylight. 

The  insects  most  injurious  to  the  rural  induatry  of  the  gardca 
aiid  the  plonghland  do  not  multiply  in  or  near  the  woods.  Tlie 
locust,  which  ravages  the  ILaat  with  its  voracious  armies,  is  bred 
in  vast  o]>en  plains  which  admit  the  full  heat  of  the  snn  to 
hasteu  tlie  hatching  of  the  egga,  gatiier  no  moisture  to  destroy 
thetn,  and  harbor  no  bird  to  feed  npou  the  Ur\"ai.*  It  is  oidy 
since  tlio  foUing  of  the  foreslu  uf  Asia  Minor  aud  Cyrene  that 
the  lixMifit  has  become  so  fearfully  destructive  in  those  coun- 
tries ;  and  the  grasshopper,  which  now  tUroatens  to  be  aluuist 
H  great  a  pest  to  the  agricultnre  of  some  North  Ameriuau  soils, 
hnHHlc  in  seriously  injurious  numbers  only  where  a  wide  extent 
of  surface  is  bare  of  woods. 

General  Functions  of  Forests. 

In  the  preceding  page«  we  have  seen  that  the  electrical  and 
chemical  action  of  the  forest,  though  obscure,  exorcises  proba- 
bly a  beneticial,  certainly  not  an  injurious^  intluence  on  the 
oonii>obition  and  condition  of  the  atm<]epherc  ;  tliat  it  serves  as 

'  Sraiila,  In  lh«  gov«niDi«ut  o(  Ki«w,  tXM,  for  lome  jeun,  i>ot  rairered  at 
kll  from  the  lontuta,  which  fonneriy  caine  atcc;  jresr  In  vnst  Bwarma,  ami  iha 
enicolio,  M  injniioiu  to  tlis  turnip  crop«,  it  leat  devtrocUro  tborc  t^«n  in 
Other  porta  o(  tha  pnyrince.  This  improTsmuut  u  owia^  part^jr  t«  tiii  mem 
Uioroiigli  valtinkttnu  of  th«  toU,  {MUtlf  to  the  gioroH  wb!ch  arc  latrnpcnctl 
unon^  tha  ploughlantls.  .  .  .  Wboo  in  Uio  mubt  of  tlw  pluii*  wirails 
tluU  tra  ptB>il«d  and  (Uled  with  InaeotiToroas  birds,  the  loeiut*  will  oc«m  to  bo 
m  pb^uo  umI  a  terror  to  Ui«  fumer.— IUuitzscb,  Der  Wa^d,  pp.  43,  40. 
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a  protection  against  die  diffasion  o£  miosiuatic  exhalationa  and 
malarious  poisons ;  tliat  it  performs  a  moet  important  func- 
tion as  a  Tiiecliaiitwil  shelter  from  hlaatiiig  winds  V)  grounds 
ami  crops  in  the  loo  of  it ;  that,  as  a  conductor  of  heat,  it  tcnda  to 
equalize  the  temperature  of  the  earth  and  the  air ;  tlial  its  dead 
priHlticts  form  a  maiillo  over  tho  surface,  which  protects  tho 
earth  &om  exoeeHive  heat  and  cold  ;  that  tliu  evajwration  from 
tho  Icavoa  of  living  treoe,  while  it  cools  the  air  around  them, 
diffnsos  through  the  atnioephero  a  medium  which  resists  the 
oscapo  of  warmth  f  i-om  the  earth  by  nwb'ation,  and  hence  that 
its  general  eflfect  is  to  equilibrate  calmc  inrtueucea  and  mode- 
rate cxtromes  of  lotnjicratiirc. 

We  have  seen,  further,  that  the  foi-eat  is  eqnally  nsofiil  ab  a  ro- 
gnlator  of  terrestrial  and  of  atmospheric  humidity,  preventing  by 
its  eiiade  tlie  drying  up  of  the  Bnrface  by  parching  winds  and 
tlie  Bcorching  rap  of  the  sun,  intercepting  a  part  of  the  pre- 
cipitation, and  pouring  out  a  vast  quantity  uf  aqueous  vajvor 
into  tho  atmoaphci'o;  tliat  if  it  does  not  incretiso  the  Amount  of 
rain,  it  tends  to  oqiiallw)  itw  distribution  bi>th  in  time  and  in 
place ;  that  it  preserx-es  a  hygrometric  equilibrium  in  the 
Bujwrior  strata  of  tho  earth's  surface;  that  jt  maintains  and 
rcgulatea  the  flow  of  springs  and  rivulets;  that  it  checks  the 
fiiqiorlicial  discharge  of  (be  waters  of  precipitation  and  conso- 
qncntly  tends  to  prevent  the  sudden  rise  of  rivers,  the  violence 
of  floods,  the  formation  of  defitructive  trm-enta,  and  the  abrasion 
of  tlio  surface  by  the  action  of  running  water ;  tJiat  it  impedes 
tlie  fall  of  avalanches  and  of  rocks,  and  destructive  slides  of  the 
sujierficial  strata  of  mountains;  that  it  is  a  safeguard  against 
the  breeding  of  locnsta,  and  finally  that  it  fnniiebea  nutriment 
and  alteltcr  to  many  tribes  of  animal  and  of  vegetable  life 
which,  if  not  necessary  to  man's  existence,  arc  conducive  to  his 
i-ati«nml  enjoy^ncllt  In  fine,  in  wcll-wooded  regions,  and  in 
inliabit'ed  couutrios  where  a  due  propt>rtion  of  soil  is  devoted  to 
the  growth  of  judiciously  dietributod  forests,  natural  destruc- 
tive tendencies  of  all  sorts  are  arrested  or  compensated,  and 
man,  bird,  beast,  fish,  and  vegetable  alike  find  a  constant  nni- 
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formity  of  conditiou  inoet  favorable  to  the  regular  mid  Imi-mo* 
nious  coexistence  of  tbem  all. 

General  CoriHqumces  of  the  Destruction  of  the  Forest. 

With  the  extirpation  of  tlie  foreet,  all  i«  chanj^od.  At  <yno 
season,  the  earth  paila  with  ita  wiirinth  l>v  radiution  to  an  open 
uky — receives,  at  another,  an  iiiiiin«lunito  heiit  frutn  the  miob- 
stnictetl  rays  of  the  sun.  Ilence  the  climate  become*  excessive, 
and  tho  un\  \*  alternately  parched  by  the  fcrvorB  of  Bummer, 
and  Beared  bj  tlw  rigors  of  winter,  lileak  winds  sweep  nnre- 
aiated  t>ver  its  surface,  drift  away  the  snow  that  sheltered  it 
from  the  froet,  and  dry  np  its  wranty  uioiBtnro.  Tho  precipita- 
tion becomes  ad  irn-gnhir  iiit  the  tuinitcnitiirc;  the  melting 
snowB  and  vernal  rains,  no  longer  ab8orl>ed  by  a  loose  and 
bibulous  T^etable  mould,  rush  over  the  fn>zeu  surface,  and 
pour  down  the  ralleys  seawards,  instead  of  iilling  a  retentive 
bed  of  absorbent  cartli,  and  st<>ring  up  a  supply  of  moii^ture  to 
feed  jtcrouoial  Kpringft.  The  soil  is  bared  of  its  covering  of 
lea^'e6,  brukeu  and  hxiecned  by  the  jihrngh,  deprived  of  the 
fibrous  nwtletfl  which  held  it  together,  dried  and  puU-erized  by 
snn  and  wind,  and  at  laijt  exlmn^ted  by  new  ajubi nations. 
The  face  of  the  earth  is  no  longer  a  sponge,  but  a  dnst-heap, 
and  tlie  floods  which  tho  waters  of  the  sky  pour  over  it  hnn-y 
swiftly  aUing  x\a  glnpeft,  carrp-ing  in  susjwnsioii  vaat  quautiti»< 
of  earthy  particles  whiith  increase  tlio  abrading  power  and 
medianical  force  of  the  curi'ent,  and,  anginented  by  the  sand  and 
gravel  of  falling  bauktt,  fdl  the  beds  of  the  Btrenin»,  divert  them 
into  new  channels,  uud  obstruct  their  outlets,  The  rivulets, 
wanting  tiieir  former  regularity  of  siipply  and  deprive<l  of  the 
protecting  shade  of  the  woods,  are  heated,  evaporated,  and 
thus  reduced  in  their  summer  cui'rents,  but  swollen  to  raging 
torrents  in  autumn  and  in  spring.  From  these  causes,  there  is 
a  eout-tant  degradation  of  the  uplands,  and  a  consequent  eleva- 
tion of  tho  beds  of  water-courses  and  of  lakes  by  the  deposition 
of  the  mineral  and  vegetablo  matter  carried  down  by  the 
waters.  The  channels  of  great  rivers  become  onnavigablc,  their 
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estnnrtcs  arc  choked  up,  and  harbors  which  once  sheltered  lar^ 
navies  ore  shoaled  by  diuipenma  ^aiul-bars^  Tlie  earth,  stri|i[M*d 
of  its  ve^tttUe  glebe,  grtiwa  k-ss  and  leiis  productive,  and,  con- 
soqiiontly,  less  able  to  pmtc«t  itself  by  weaving  a  new  network 
of  roots  to  hind  it*  particles  together,  a  now  carpeting  of  turf 
to  shield  it  from  wind  and  sun  and  scouring  rain.  Gradually 
it  becomes  altogether  barren.  Tlie  washing;  of  the  soil  fmm 
(ho  mouiilains  leaves  Vwirn  rirlgea  of  eterlle  roi-k,  and  The  rich 
oi^nic  mould  which  cr»vored  them,  now  swept  down  into  the 
dank  low  grounds,  promotes  a  hixurianco  of  aqnattc  vegetation 
that  breeds  ftn'cr,  and  more  iusidious  forma  of  nmrtal  disease, 
by  its  decay,  and  thus  tlie  earth  is  rendered  no  Ioii^t  fit  for 
the  habitation  of  man.* 

To  the  general  Irnth  nf  this  sad  pietnrc  there  are  many  ex- 
ceptionft,  even  in  countries  of  exi^sjiive  climates.  Some  of 
these  are  due  to  favorable  conditions  ^.f  surface,  of  geological 
BtritHure,  and  of  the  distribution  of  rain  ;  in  maiiy  others,  tho 
evil  eonseqnenees  of  man's  improvidence  have  nut  yet  licon  ox- 
perieneed,  only  because  a  snffielent  time  has  not  elapsed,  Finee 
the  felUng  of  the  forest,  to  allow  rheiti  ro  develop  themselve*. 
But  the  vengeance  of  nature  for  tho  violation  of  hor  harmonics, 
though  slow,  is  sure,  and  tho  gradual  deterioration  of  soil  and 
elimato  in  such  oxeeptional  regions  is  as  certain  to  result  from 
the  destrnction  of  the  wi^idti  as  is  any  natural  effect  to  follow  ita 
cause. 

J?in}  Propf/rtion  of  Woodland. 

Tho  pmixirtion  of  woodland  tlint  ought  to  be  permanently 
maintained  for  its  geogmphical  and  atmospheric  influences 
varies  aecoi-diiig  to  the  character  of  Boil,  surface,  and  cHmateL 

*  Almost  CTcrj  tumiUTQ  of  travel  in  thoso  couuLrica  which  wen  the  enrltOBt 
KAt«of  oMIlzBtlon.  oontnlns  •vJ(lfiiK«  of  th«  tmth  of  tbMegvtterml  BtAt«iD«tittt, 
luwl  tliw  oriileiioe  !•  proMUtefl  with  moro  or  Inn  dvbdl  ia  most  of  tho  BprcisI 
workH  on  the  fonoi  whlidi  I  have  ooouilaa  to  oito,  I  may  refer  ptutiralmlj  to 
DoinodTEDr,  Dtr  Wald,  1800,  u  full  of  iu|x>rtaDt  faot*  on  tlib  snfajDut  &ea 
alM  Cmmi,  CertnimOa  Impcriania  Hei  l^scf.i,  for  some  statistics,  not  iwnltlj 
foonJ  »l««wh«rs.  oo  this  and  otfc«r  topics  connectod  with  the  forest. 


Dm  PBOPOHTIOX  OF  WOODLAND. 


808 


In  fHHintrioe  with  a  humid  eky,  or  moderately  imdiitiitin^^fiiir- 
fa*;©  and  au  equable  tompcratnro,  n  email  extent  of  forest, 
eiiongh  to  aorvo  aa  a  mechanical  Rcrcen  against  tlio  action  of 
the  wind  tn  localitiee  w)ioro  anch  pmtoction  i«  needed^  sntKces. 
But  most  of  the  territory  occupied  l>y  civilized  man  is  expo3ed| 
by  the  character  of  its  surface  and  its  <;Iiniatc,  to  a  physical 
dogradatiou  which  cannot  be  averted  except  by  devoting  u  largo 
amount  of  soil  to  the  growth  of  the  wwide. 

From  an  economical  point  of  view,  the  question  of  the  duo 
proportion  of  forest  ib  not  less  comi)lii.uited  or  lesa  imiwrtant 
than  in  its  purely  phyBi<:al  aajMHsts.  Of  all  the  raw  materials 
which  nature  supplies  for  elaboration  by  human  art,  wood  is 
undoubtedly  the  niont  unefnl,  and  at  tlio  same  time  the  moMt 
indtspcneablo  to  social  progress.* 

The  demand  for  wood,  and  of  eourw  the  qnantity  of  forest 
requires!  to  fumish  it,  depen<i  ujiim  the  supply  of  fuel  frt>m 
other  sources,  such  oa  peat  and  coal,  uptm  the  ostont  to  which 
stone,  brick,  or  metal  can  advantngconsly  he  siibRtltuted  for 
www]  in  building,  np«.m  the  devclnpmeiit  <»f  arts  and  iiuhiRtrii'-i 
employing  wood  and  other  forest  products  as  materials,  and 

*  la  an  imaglaar;  dial<^:ne  in  tbe  Rfeepte  VeriUiN«.  the  anthor,  I*»IiiMy, 
harisg  ozfireawd  hU  indi^Mticin  at  Uw  tiAij  of  tnea  in  di»'trojruig  tbo  vooda, 
hla  tnterlooatox  d«feadB  tbe  policy  of  USVatg  tkvm,  hy  citing  th«  exnrnttlc  of 
"  dirvrs  bishops,  'Cardiuab,  prion,  abbotM,  moukorlM  nnd  dinittvn,  wliich,  l>j 
cntttii]{  their  woods,  bare  roade  tbrM  proflU,"  the  nUa  of  tl>«  tinilMr,  the  r«iit 
of  tho  gnmod,  and  the  "  good  portiau"  they  nnHtirod  of  Um  ^rniD  growTi  hy 
|U«  peaaoats  apon  it.  To  this  ai^nmcTit  Palinr  replica :  "  I  eanoot  «nongh 
dotSBt  this  thin;;,  and  I  call  it  not  on  vrmr,  bat  a  cniao  nnd  a  calaioity  to  ail 
Pruoe;  for  yehtm  forests  shall  bo  cat,  all  orta  shall  ccaac,  and  thcr  which 
pnuriiBC  tham  aball  he  drinni  oat  to  oat  Braes  with  NabuchiulnBinir  nod  Ili« 
beaata  of  tbe  field.  I  bavo  dircn  time*  thon^ht  to  set  down  in  writing  tb« 
aria  whioh  shall  [loriah  when  ibare  dial]  bu  no  more  wood  ;  bat  wht^'n  I  bad 
wriUon  don-n  a  great  tniiDber,  I  did  perceive  that  tb*n  oooLd  be  no  end  of  017 
wrttii^r,  nnd  having  diligently  conaJdared,  I  fonwl  tb«i«  va>  awl  anj  which 
oould  be  followed  witbonb  wood."  ,  .  "  And  tra\j  I  couM  well  allrgn  to 
thee  a  thonaand  teaaona,  but  'tis  so  cheap  a  philoMphy,  that  the  very  cbotnlmr- 
weoohea.  If  thoj  do  Init  think,  maj-  see  that  withont  wood,  ii  1*  not  poMfbln 
to  exerclM!  any  niAnner  of  human  art  or  oanning." — (Eutru  dt  liKJlllAlUl 
PaUsst.    Paria,  1S44,  p.  80. 
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iipou  the  cost  of  obtaining  them  from  other  cuuntriea,  or  upon 
iLeir  commercial  value  as  articles  of  export. 

Upon  the  whole,  taking  civilized  Europe  and  America 
together,  it  i^  pmbalilc  that  fnvni  twenty  to  twontj-fivc  per 
cent  of  well-wooded  Biirfat^e  Ia  indiHitennablo  for  the  mainto- 
nanco  of  normal  phvsicnl  conditions,  and  for  the  Bupplj  of  ma- 
tcrialb  i-<t  cMcntJHl  to  every  bmnch^ff  hnnian  industry  and  every 
furni  of  Bociiil  life  as  thocse  whiuh  compose  the  harvest  of  the 
woods. 

There  is  probably  no  conntry — tlicro  arc  few  largo  farma 
even — where  at  leaat  one-fourth  of  the  soil  i»  not  either  nnfit 
for  a^riculttiru]  nse,  or  so  unproductive  that,  aa  pn^ttn-c  or 
as  ploiighlantl,  it  yields  less  pecuniary  return  than  a  thrifty 
v.(Kn\,    Kvery  prairie  has  its  slonglis  where  willows  and  p<)plar»> 
would  find  a  fitting  soil,  every  Eastern  farm  its  i-oeky  nooks  and ' 
its  bariftn  liillflides  flnitod  to  the  growth  of  twime  ft[>efies  from 
our  rich  fopeet  flora,  and  everyw'here  belts  of  trees  might  ad-- 
vantage^mely  be  planted  along  tlie  roadsides  and  the  boundarioi^ 
and  dividing  feucea.     In  most  cases,  it  will  be  found  that  trcca 
may  be  made  to  grow  well  where  cultivated  crops  will  not  re- 
pay the  itiitlay  of  tillage,  and  it  is  a  very  plain  dictate  of  iKxnid 
economy  that  if  trees  produce  a  better  profit  tlian  the  same 
ground  would  return  if  devoted  to  grass  or  grain,  the  wood 
should  be  substituted  for  (he  field. 


Woodland  in  European   Countri€9. 

In  1862,  Hentzsch  calculate<l  the  proportions  of  woodland  in 
different  Euroiiean  countries  as  fullow& :  * 

yonrny M      percent. 

Swedea 80  " 

RuMia 80.90 

GemuLny , 28.M  »* 

Bolgium I8.&a  " 

FrArtoe. I8.TO  " 

Rnitseiluid 15  " 


VOOOLAM)   IN   KTROPEAN   00t-NTBtE3, 

Sudlnh 12.28  per  oent 

Kwpiditu  StUee 9.-U 

HolUnd 7.10  " 

Spain 5.52  " 

Denmuk 5.00  " 

Chreat  Britais 5  " 

Portnipil 4.40  " 
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The  large  proportion  of  woodland  hi  Norwny  and  Sweden  is 
ID  a  great  inoosurD  to  be  asevibod  to  tho  mountainous  character 
of  t]ie  surface,  which  renders  the  conetrnction  of  roads  difliciilt 
and  expensive,  and  hence  the  foi-ests  ai-o  comparatively  inac- 
cesuble^  and  traneportatlou  is  too  costlj  to  tempt  the  inhahit- 
ants  to  sacrifice  their  woods  for  tlie  &ake  of  supplviug  dist^it 
mftrkets. 

The  iudiistriea  which  employ  wood  ae  a  material  have  only 
lately  been  mnch  developed  in  those  conntrics,  and  though  the 
climate  requires  the  consumption  of  mnch  wood  as  a  fuel,  the 
populatioa  is  not  numerous  enough  to  create,  for  tliie  puqjoeo, 
a  demand  exceeding  the  annually  pnxluced  euj^tply,  or  to  need 
any  great  extension  of  cleared  groimd  for  agricultural  purposoe. 
Besides  this,  in  nmny  ])la<?06  jieat  is  generally  employed  as  do- 
mestic ftiel.  Hence,  though  Norway  has  long  exported  a  e':)n- 
^demble  quantity  of  lumber,*  and  the  iron  and  cop))er  works 
of  Sweden  consume  charcoal  very  largely,  the  forests  have  not 
diminished  rapidly  enough  to  produce  very  sensible  climatic  or 
oven  economical  evils. 

At  the  oiipofiitfi  end  of  the  scale  wc  find  Holland,  Denmark, 
Great  Britain,  Spain,  and  Portngal.  In  the  thrt»  first-named 
conntries  a  cold  ami  humid  ctimatfi  renders  the  almost  con- 
stant maintenance  of  domestic  fires  a  ucocasity,  while  in  Great 

*  Bolhrii^-ttM,  or,  m  they  w  OKlled  in  Eof^awl,  tlerpm,  am  laiifel;  es- 
poctod  from  Norway  to  ladia,  and  ■a9<l  at  CalonttA  at  a  lovror  price  than  tfm* 
b«r  of  •qual  qttalily  cau  be  obtahted  rrom  the  tutive  wooila.—  Jtpport*  on  Forai 
Conterraney,  vol.  L,  pt.  it,  p.  1533, 

From  16<tl  to  1670  "Sormty  exported  annmlly,  on  Ui«  aTtunee,  mazo  thau 
00,000,000  onbic  feet  ot  lumber.— WULransuo,  JtToffui  VdiUtndtlM^.  ChriB- 
tianla,  1873. 
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Britain  espeuiallv  the  <1imiiiiik1  of  tlio  vnrioiig  indnstries  wlii<rh 
(k'luind  on  wood  ns  n  tnnterial,  or  on  mechanical  ][M>wor  derived 
frova  heat,  aro  very  great.  Coal  and  peat  servo  as  a  combustible 
instead  of  wood  in  tliem  all,  and  En^^Iaud  imports  an  iinmcnso 
qnantity  of  timber  from  her  foreign  possessions.  Fejrtunatelr, 
the  character  of  soil,  eorfaco,  and  climate  renders  the  forest  of 
leu  itnjKirfanct!  as  a  j^eograpliio^d  agent  in  thftse  nortliem  re- 
giong  than  in  i^pain  and  Portugal,  where  all  physical  conditions 
ooncDf  to  make  a  large  extent  of  forest  an  almost  indispensable 
moans  of  indiwtrial  progT-Pss  and  social  advancement. 

Bentzscb,  in  fact,  ascribes  the  political  dcciidenco  of  Spain 
almost  wholly  to  tlie  dcstmctiori  of  the  forest,  *'  Spain,"  ob- 
6crvc3  he,  "  eeemed  destined  by  her  jweition  to  hold  dominion 
over  the  world,  and  this  in  ffu:t  she  once  possessed.  Jint  nhe  haa 
lost  her  ]viliticaJ  ascendancy,  because,  during  the  feeble  ailniiiiis- 
tration  of  the  successors  o£  Philip  I£.,  her  exhausted  treasury 
could  not  funiiih  the  means  of  creating  new  fleets,  the  deatrnc- 
tion  of  the  woods  having  j-aised  the  price  of  timlier  aliove  the 
means  of  the  state."  *  On  the  otJier  liand,  the  same  writer 
argues  tliat  Iho  wealth  and  prosperity  of  modem  England  are 
in  great  part  duo  to  the  supjdy  of  lumber,  as  well  iis  uf  otlior 
material  for  ship-bnilding,  which  she  inii>orts  fr  im  her  colontca 


•  Dtf  W'tJd,  p.  68.  Antonio  Pon«  (  Fmij*  dfl  BtpaRn,  i.,  prAlogo,  i».  Ulii), 
si^ :  '*  Sot  would  tliis  be  90  ipeat  an  evil,  wcro  not  ■om«  oC  tIi«Ri  doc-tiumer* 
a^^nlmt  IrMt,  tbtirebj  proolidniiriif  thcmwlTeii,  in  aome  iiort,  imftntw  of  tbe 
workii  of  Ood^  who  (pive  ua  Uie  leafy  abode  of  Pandlve  to  dwotl  In,  wbace  w« 
nboiild  lie  cTea  now  iojourulng,  but  for  Uie  (intt  ajn,  wbfch  expaOdd  vm  tttm 
H." 

I  do  not  know  At  what  period  tbe  two  Cutnox  were  bnrcd  of  th«tr  woods, 
bot  tbfi  Spaniard's  prorverbial  *'  hatred  of  n  troe"  U  of  long-  itaodinir.  H«r» 
rem  oamlMta  tlib  fooliab  prejndice ;  ami  Pone,  in  th«  prolcgno  to  tbo  nfaHi 
Tolane  of  hit  jouruaj^.  mjb  tluit  many  coiriod  it  so  for  oa  wantonly  to  deater^ 
tlia  iluidfi  and  omanental  treea  planted  by  the  mnnlclpal  anthoritica.  "Treca," 
tbey  oont«Dded.  and  atill  betiere,  "  bread  Urda,  and  btrda  cat  up  Uie  ftaia." 
Onr  aoUtor  oi^ea  agniBsi  the  BDppodtJcm  of  tlie  *'  brnedingf  of  bizda  by  tlttW," 
wbioh,  be  aayi,  ia  aa  abaard  as  to  believe  that  an  nim-trea  can  yield  poaa; 
and  ha  charitably  mfg^eNta  that  the  exptcadon  la,  porbapa,  a  maniire  dt  dire, 
a  pofmlar  phnae,  ai^put^ying  aim{4y  that  treea  baibor  birda. 
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and  other  couutnes  with  wluch  she  maintaioB  commercial  rela- 

tiuns. 

Foreata  of  Great  Britain, 

TIio  proportion  of  foroat  ib  very  small  in  Great  Britain,  where, 
as  1  liave  said,  on  the  oue  hand,  a  prodigious  industrial  activity 
requires  a  vast  aupply  of  ligneom  material,  but  whoi-e,  on  Uia 
otIicT,  the  abiuidaiice  of  coal,  which  furnishw  a  Bufficieiicy  of 
fuel,  the  facility  of  importation  of  timber  from  abi'cpad,  and  the 
coiulltioua  of  climato  and  surface  combine  to  reduce  tiie  neces- 
sary quantity  of  w<x)dland  to  it«  lowest  expi-essJon. 

With  the  exception  of  Kuasia,  Denmark,  and  parts  of  Ger- 
many, no  European  countrioe  cau  bo  well  dispense  with  the 
forests,  in  tlieir  capacity  of  conservative  influences,  as  England 
A»d  Ireland.  Tlieir  insular  position  and  latitude  secure  an 
ainntdance  of  almot^phcric  moisture  ;  the  general  incUnulion  of 
surface  is  not  such  as  to  expose  it  to  special  injury  fi-oin  tor- 
renta.  and  it  is  pnibabJo  that  the  most  important  climatic  ac- 
tion exercised  by  the  fi^rest  in  tliese  portions  of  the  British  eiu- 
pii-e,  is  in  ita  character  of  a  mechanical  screen  a^aiuiit  the  effects 
of  wind.  The  due  proportion  of  woodland  in  England  and 
Ireland  is,  therefore,  a  question  not  of  geographical,  but  alnitiet 
purely  of  economical,  exjiedioncy,  to  he  decided  by  the  com- 
parntive  direct  pecuniary  return  from  forost-growth,  paeturagc, 
and  plonghland. 

CuntrivancoR  for  economizing  fuel  came  later  into  use  in 
the  British  Itilauds  than  on  tlic  Continent.  IJefore  tlio  intrCH 
dnotion  of  a  system  of  drainage,  the  soil,  like  the  sky,  was,  in 
gcmcrat,  charged  with  ImmidiCy  ;  its  natural  condition  was  un- 
fuvuralile  for  the  construction  nnd  maintenance  of  eubstantlal 
eoinmon  roads,  and  the  transportation  of  so  heavy  a  material 
as  coal,  by  land,  from  the  remote  counties  where  alone  it  was 
Tninod  in  the  Middle  Ages,  was  costly  and  dillicult  For  all 
thcM  reasons,  the  consumption  of  wood  was  large,  and  appre- 
hcusious  of  the  exhaustion  of  the  foi'cste  were  excited  at  an 
early  period.     Legislation  there,  as  elsewhere,  proved  ineffectual 
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to  protect  them,  and  many  antbora  of  the  sixteenth  centiirv  cx- 
prcw  fears  oi  wrions  evils  from  the  wasteful  economy  of  ihe 
people  in  this  respect  Harrison,  in  Itis  curious  chapter  "  Of 
AViKulrt  and  Marishes"  in  ITolIiiaheJ's  ttiin[jilutioi],  complains 
of  the  rapid  decrease  ef  the  foi-e&ts,  nnd  adds:  "Ilowboit  thus 
much  I  dare  aflinne,  that  if  woods  go  eo  fast  to  decAie  in  the 
next  hondred  yecre  of  Grace,  as  they  hanc  doone  and  are  like 
to  doo  in  this,  .  .  .  it  is  to  he  feared  that  tlie  fuiinie 
bote,  broome,  tiirfe,  gall,  heath,  firze,  brafees,  whiiines,  liiijr, 
dies,  hassacks,  flags,  straw,  sedg:e,  rt^ed,  rur^h,  and  also  tnsu}cley 
will  bo  good  roerdiandize  encn  in  the  citie  of  Ix>ndon,  whcre- 
nnto  some  of  them  enen  now  haue  gotten  readie  pafisage,  and 
taken  vp  their  innes  in  the  greatest  nicrchaets^  parlours.  .  .  . 
I  would  wish  that  I  might  liue  no  longer  than  to  st^c  foure 
thtn}^  in  this  land  reformed,  that  is;  the  want  of  diwipline  in 
the  chnrch  :  the  couetous  dealing  of  meet  of  our  merrhants  in 
tho  preferment  of  the  commoditiea  of  other  countries,  and 
hinderaneo  of  their  owne :  the  holding  of  faires  and  markets 
^•pon  the  Bundaie  to  be  abolishtd  and  n-forred  to  the  weduca- 
daics :  and  that  cncric  man,  in  wliatBocnor  part  of  the  dioiu- 
pnine  Boile  enioieth  forlie  acres  of  land,  and  vpwards,  after  tJiAt 
rate,  either  by  fn!-o  dowl,  eopio  hold,  or  fee  fanne,  miifht  plant 
one  acre  of  wood,  or  BowetlieBame  with  uke  mast,  hasctl,  l)eech, 
and  Buftieieut  prouisiou  be  made  lliat  it  may  be  cherished  and 
l:ei>t.  But  I  fcare  me  that  I  should  then  liuo  too  loii^.  and  so 
long,  that  I  should  either  be  wearie  of  the  world,  or  the  world 
of  me."  • 


*  HOLirtsmm,  reprint  ot  1807,  L,  pp.  857,  806.  It  is  endent  £roin  Uib 
pmn^^e.  uid  frain  another  on  p«0«  807  of  the  idune  VDlnme.  that,  tfaoogb  wa* 
cotJ  wail  tai)fe[^'  exported  to  th«  Contlneitt,  it  liad  uot  jet  come  into  genantl 
QBc  In  Englnnd.  It  is  b  qneirtion  of  mnch  intcrMt,  when  tnini>nil  oool  wm  ftnft 
moffiajvi.  In  Englwirt  for  fuel.  I  caa  fiutl  oo  evidence  tliivt  it  wn*  iu«(l  aa  a 
MMDboltible  notO  nore  than  a  century  after  the  Nomum  conqnest.  Ic  : 
Immi  laid  that  it  wwi  laiown  to  the  Anylo-Raxou  population,  bat  I  bid  ao- 
qnotnted  with  no  |Miiin^n  In  the  Utentiire  of  that  people  whic^  proTea  thia. 
The  dlctioDarJea  explain  th«  Aosto-Saxon  word  yrafa  by  aea-ooal.  I  hare  met 
with  tUs  word  in  D»  At^^o-8azon  work,  exonpt  in  the  Chnmieb,  a.  p.  8Sl>, 
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Evelyn's  "  Silva,"  Uie  first  e<littvD  of  which  appwireJ  iu  1CC4, 
reudered  oii  extremely  important  Ben'iw  to  the  cause  of  tii© 
voods,  and  there  is  uo  d<mlit  timt  the  ornamental  plantatiuns  in 
which  Eu^laiid  far  diii-]>atttics  all  otlier  countriae,  are,  in  gome 
measure,  the  fruit  of  Evelyn's  eiithuuasiu.    In  Kugland,  bov- 


tnm  %  ramotucript  oeitalnl^  not  cdder  than  tbc  IStb  oeatoiy,  ami  in.  two  dtatiooi 
from  An^-Saxon  duutcm,  oue  publlabed  Uj  KvnUe  in  Oixte  IMplanuitmUf 
tb«  other  br  T1iotp«  in  DxfAmuUariuM  Anifiioutn^  In  all  whiob  paiMffw  It  mora 
prob&blj  m«ui8  \mM,  Uiaa  min«ml  ooal.  Aooardini;  to  ^'<^yi  Promptaritan 
Fnrruioruta,  p.  506.  n«t«,  the  Cathottcon  AH^ieonvm  ba«  "A  tarf«  grofUf 
turbariion."  Oraftt  i»  hero  evidently  the  Mtno  wonlaa  the  A.-S.  gn^fa, 
aad  the  Danlab  Tvrtegraf,  a  tnrf-pit.  tionOrms  thia  opinion.  Coal  is  not  mao* 
tluned  in  KinK  Alf  reilH  Tledc,  iu  NeQlum,  in  Qlaiivilla  or  in  Robert  of  Gloaoea* 
'tar.  tlioafb  the  Cw«  latur  writen  speak  of  the  allied  ninenl,  Jet^  and  are  TCty 
fan  in  their  eotimerati<ia  of  Uie  mioenl  pmduotiuiui  uf  the  isUnd. 

In  a  Latin  poem  ascribed  to  Giraldus  CambrenitiB,  who  dj«d.  after  the  year 
1230,  but  foutul  alito  in  tlie  miuiuHcriptii  of  WitlUir  Mu|h»  {nee  Cainden  Society 
edition,  pp.  131  and  SOOj,  and  introdnoed  into  Higden'a  PolTohronloon  (Lon- 
don, 1845,  (ip.  39t^  380).  carbo  »vb  terra  owftrr.  wluob  oon  nu!4in  nothing  but 
pit-coal.  U  enomeisted  among  the  natural  oommodltlea  of  Enyliind.  Some  of 
the  tracslationa  of  the  ISth  and  14tli  ocntuir  nnuler  oarbo  hy  eix4  or  cai,  ioma 
bf  ffoM,  and  aom«  omit  thia  line,  m  w«11  a«  otlioi*  aointolUgiblo  to  the  tnuu- 
Intofa.  Honoe,  although  Oiratdua  wa»  ooquaJotikl  with  ooal,  it  oertaudjr  woa 
WA  gtOMtUj  known  to  Bnffliah  wrltcre  until  &t  lerut  x  ocnlury  aftar  tbe  tiai« 
of  th&t  aathor. 

Th«  earlieHt  molianral  notice  of  mineral  coal  I  hart  met  with  in  In  a  paa- 
aaBe  cited  by  Dncangcftoniadocuiuvutuf  the  year  1108,  and  ilia  an  ntymolo- 
gteal  obeen  atlon  of  aome  interest,  that  carhonet  fsrrei,  ai  aeo-cool  it  called  Is 
the  document,  ore  Hottl  by  Ducaage  tohsTe  been  known  inFriuux'by  tlie  popu- 
lar name  of  huQa,  a  wotd  cTidently  identical  with  the  modem  French  kot^Be 
and  tlie  Cominh  JluH,  which  in  the  fonn  vhctU  ia  an  olemant  In  Uio  namn  of 
many  mining  loeolitleL 

England  was  anoiantty  remaikiit>)e  fur  its  foreita,  bat  Caaar  aaya  it  wontad 
the  fOfftit  and  the  abU».  There  can  be  no  doubt  that  fagut  maaaa  tho  bc«cb, 
vhloh,  a*  tho  remainii  in  tlie  I>anlah.  peat-nioaaea  abow,  la  a  tno  at  late  intro- 
doetlon  into  Denmark,  where  it  aooeeedcd  the  fir,  a  tne  not  now  nauve  to 
that  oonntry.  The  euooewion  of  tocect  oiopa  aeenu  to  have  beon  the  lauie  in 
Enffland;  for  Harriaoo,  p.  850,  flpe>alw  of  the  "great  atore  of  firTs"  fonnd 
t.viog  "  at  their  whole  lengtha  "  in  the  "fenaand  nuziaoi"  of  Lacvaahiro  and 
Mher  oonntlea,  when  not  eren  boabei  grew  in  his  timo.  We  cannot  be  onre 
what  epedea  of  evazgi«ai  Onnr  int«Ddad  by  k^Am.  The  popular  deeigiuitii-iM 
of  spikc-lenved  treea  are  nlwoja  more  raguo  and  uncertain  In  their  appUoalloo 
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ever,  ftrhorieulturo,  tlie  planting  ami  inirsingof  BJnglo  trees,  liaft, 
until  comparatively  recent  rimes,  boon  b<Mtcr  nnderstood  tlian 
Bjlvt culture,  tlie  sowing  mid  training  uf  the  forest.  But  this 
latter  branch  of  rural  iraproveniuiit  now  receives  great  atteution 
frtiin  private  indiviilualsj  tluin<fli,  so  for  as  1  know,  not  fivmthe 


than  iba8fiofbr(Mil-leaTc<d  trees.  PirtuM,  jtine,  has  been  Toiyloosel/emplojed 
ercn  in  botanical  nomenclnture;,  and  Ki^te.  Fifhlt,  and  I'nnne  u«  oft«u  con* 
foundfd  inGdnmio.— RosHii/iasLBB,  2)tr  WaUI.  pp.  SoS.  2»9,  S24.  Aumilor 
OODfnsion  in  the  n&m«a  of  thu  faiailjr  of  txeen  «xiato  in  India.  Dr.  Clegburu, 
loBpcctor-Ocneml  of  tho  Lidian  t'oresta,  Infoima  ns  in  hla  offiunl  Circnloi  Na 
S.  that  the  iiunie  of  deodar  ie  applied  in  some  prorincu  to  a  cyprenA,  iu  soma 
to  a  c^cdor,  and  in  othflni  to  a  juniper.  If  it  vloto  cnrtatn  that  the  aUa  of 
Ctesar  was  ths  Qr  formertj'  and  atill  found  in  pont-mr^ss^  and  thut  bo 
waa  right  in  donying  the  oxlstrmoo  of  Uie  beiich  in  KukIbiuI  in  hia  time, 
tbe  obwrTatioa  woald  be  verjr  important,  becauKe  it  would  fix  a  date  at 
which  the  fir  had  bcoomo  extinct,  and  tliu  bcnjoh  had  cot  j-cb  appeared  in  the 
Uand. 

The  EngUdli  oak,  thongti  «aong  and  dnrnbLc,  waa  not  eoniiderDd  geoerallj 
suitable  for  Oner  irork  1»  Uia  iiixt««nth  ccnturjr.  Tb«i«  w«l«,  howtver,  ex- 
Deptiona  '*  Of  aU  in  finez,"  obMirves  llARaitwx,  UMnahtd,  L,  p.  337,  "  that 
gTowIuv  in  Bardfleld  patke  is  the  finest  for  ioinen  oraft :  for  of tentimoa  haiM 
leeene  of  their  worfcofl  made  of  that  oke  m  fine  and  faire,  astaostnttha 
wain«»cot  that  is  brou^t  hither  oat  of  Danske  [Danxig]  ;  for  our  trainesoot  b 
Dot  madu  In  Eui^land.  Yet  dionae  bma  wauedtodeale  with  oar  okee  to 
that  end,  but  not  with  so  good  ancoeme  as  thoy  bane  hoped,  bicooae  the  ab  or 
talBB  will  not  so  aouuo  bo  ramoiK.'d  and  clewte  drawne  oat,  which  some  attri- 
bute lo  wuit  of  time  in  the  salt  wat«r.'' 

This  paassj^  is  al£o  of  intvreal  ai>  dbowtng  that  sookinjf  In  aalt-watar,  as  a 
mode  of  seaMning-,  was  practised  in  narrison's  time. 

Bnl  the  importatiOD  of  wainacoi,  or  boards  for  ceiling,  iMnslUiig,  and  otliAr- 
^fJBS  QnlgUng  TOOniB,  which  was  generally  of  oak,  oommenoed  at  least  threw 
eonbuisa  before  the  time  of  Harrivon.  On  [mure  HH  of  the  Lihtr  AO^u»  meo- 
tlcni  ta  maHe  ef  *'  aqitated  oak  tjmber,"  broof^ht  in  from  tho  coimtry  b;  carta, 
andof  course  of  dumesdogrotrtli,  asfree  of  city  duty  or  octroi,  and  of  "p^^uxki 
of  nak  "  coming  In  in  the  «une  wny  as  pnjring  one  plank  a  eart-load.  Bat  In 
the  ohapttT  oQ  the  "  Customs  of  Billjngesgate,"  pp.  SOtf,  300,  reUtlnf  togooda 
Imported  from  foreign  conatriea,  on  impcwt  datjr  of  one  half])eany  ia  impoiMd 
on  eTCTT  hundred  of  boards  called  "  weynsootte  "— a  Urro  formerly  applied 
only  to  oak— and  of  one  penny  on  every  hnndred  of  boardii  oniled  *'  Eygbolt.** 
The  editor  explains  "Rygholt"  aa  *'wood  of  Ri^"  This  was donbtleas  pino 
or  fir.  The  year  in  which  these  prorisians  were  made  does  not  appear,  fan,t 
thex  bdoqg  to  the  relpi  of  Henry  1IL 
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Natiuiial   Govemmeut,  except  in  the  East  Indian  provniccs^ 
w}iere  the  forc«tftl  departniGiit  has  af«utned  groat  importance.* 

Ill  fact,  Eii^limd  ih,  I  bulieve,  the  only  £nn.>()euii  countrj* 
where  private  eiitcrpriiie  \ias  pui'siied  svlviculliu-e  on  a  really 
great  scale,  thuu^^fa  lulmirablo  oxainplos  have  bocu  eet  in  inany 
othei-fi.  In  KiigUnd  the  law  of  priiiiogomturc",  and  tither  iiisti- 
tiitiuns  and  national  customs  wliicli  tond  to  keep  largo  estated 
lung  undivided  and  in  the  aatne  liue  of  inheritance,  the  wealth 
of  the  landhc'ldcrs,  tlic  spceial  adaptation  of  the  cliinatu  l>j  the 
growth  of  forest- tretSi,  niid  theditiiiMilly  of  finding  safe  and  pro- 
fitable iuvestmonts  of  capital,  combine  to  afford  eueouragemunts 
for  the  plantation  of  forests,  which  Bcarcoly  exist  elsewhere  in 
the  tiumu  dc^rroe. 

lu  Scotland,  where  the  country  is  for  the  moet  part  broken 
EUid  monntainouft,  the  genoi-al  destruction  of  tbo  forests  has 
been  altondcd  witli  very  seriofis  evils,  and  it  is  in  Scotland  that 
many  of  the  meet  extensive  British  forest  plantations  have  now 
been  formed.  But  althongh  the  inclination  of  snrfacc  in  Scot- 
land IK  i-upid,  tlic  gt;ologtcaL  constitution  of  the  soil  ia  not  of  a 
character  to  promote  such  destructive  degradation  by  nmning 
water  a«  in  Southern  Frnncc,  and  it  ha«  not  to  contend  with 
tlio  jMin  liing  dn^nghtg  by  which  the  devastations  of  the  torrents 
are  rendei-ed  more  injuriona  in  those  province*. 

It  isditiicnlt  to  inulerAtand  howcitlicrlawor  public  opinion,in 
a  country  occupied  by  a  dense  and  iiitcUigont  population,  and, 
comparatively  speaking,  with  an  infertile  soil,  can  tolerate  the 


*  Tlw  improrldMice  of  tha  popntation  nnilBr  bbe  mtire  and  etr\y  foteign 
ftOT«FainUDt«  luu  produced  f  rent  d«viutttti<M>»  in  the  foraiti  of  Uw  Dritish  Ecu6 
Inditin  provinucv,  wid  the  de:iiands  of  the  imilwa^  for  fuel  And  limbi-r  havo 
gnoUj"  nngmeiittid  tbn  consamption  of  lumber,  »nd  of  cohfm  cDntri1>tit'?d  to 
Hm  destruction  of  Ihv  womIh.  The  fonvta  of  British  India  an  notr.  nnd  for 
MTcnd  r«an  I»tv  bcoa,  uud«r  tb«  oontool  of  an  «fflcieat  sovommcnUl  nryaol- 
•ation,  iritli  gre»l  advABtage  bolfa  t4i  tbBgovcnuniaitftndtu  tli«geii«ra]  |>riTaM 
inUttmtM  of  tin  peopl*. 

Tba  official  B«i>orte  on  Foreat  Con&crviutcj'  from  Mity,  lACS,  to  Ati(;u«t.  1S71, 
ia  4  toIji.  folio,  oontoia  moub  ftntUticnl  and  pmcticnl  luformatioD  on  all  aob- 
jeetii  connected  vitb  the  adrainiitiation  of  ttie  tonst. 
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cnntiuiied  withdrawnlof  agi-cat  |)ortioiiof  the  territory  from  the 
ciiUivation  of  trees  and  from  otliur  t;iiij&  of  ruml  ecouomy, 
racrcly  to  allow  wealthy  individuals  to  amude  tlieinselveg  with 
ileld-«portg.  Im  Scotland,  2,000,WO  acres,  as  well  suited  to  the 
growth  of  forests  awd  for  pasture  as  ia  tlie  soil  generally,  are 
willilicld  from  agriculture,  that  they  may  be  given  up  to  herds  of 
deer  jtrnteetcd  hy  tlio  game  la^vs.  A  eiitgle  iiohleinan,  for  ex- 
ftm2do,  thus  appropriates  for  his  own  pleasui-ea  not  leaa  than  100,- 
000  acres,*  In  Uiis  way  one-tenth  of  ail  the  land  of  Scotland  ia 
rendered  valueless  in  &n  ceououiical  point  of  viuw — for  the  re- 
tunia  from  tlic  sale  of  the  venison  and  other  ganio  wa,rcely 
Biiflice  to  pay  tlw  gatno-keepers  and  other  incidental  exi^enses — 
and  in  these  6u-ceMcd  Ji/re€ts  Ibeie  grows  neither  hnildtng  tim- 
ber nor  tire-wood  worth  the  cutting,  as  the  animals  destroy  tlio 
young  slioots. 

Forests  of  France. 

The  preservation  of  the  woods  was  ono  of  the  wise  ineasnroa 
reoommondod  to  Franco  by  Sully,  in  tlie  time  of  Jlenrj-  FV., 
but  the  advic6  was  little  heeded,  and  the  destruction  of  the 
forests  went  on  with  such  alarmiug  rapidity,  that,  two  genera- 
tions later,  Colbert  uttered  tlio  prediction :  *'  France  will 
periBh  for  want  of  wood."  Still,  the  extent  of  wooded  soil 
waft  very  great,  and  the  evils  atl«ndlug  its  diminution  were 
not  so  sensibly  felt,  that  cither  the  goveriiinent  or  public  opin- 
ion Baw  the  necessity  of  anthoriCative  interference,  and  in 
1750  Mirabeau  estimated  tlie  remaining  forests  of  the  king- 
dom at  seventeen  millions  of  hectares  [l^jOOOiOOO  acres],  in 
ISfiO  they  wore  reduced  to  eight  millions  [19,769,000  acres], 
or  at  the  rato  of  82,000  hcctoi-es  [202,fiOO  aci^  [>or  year. 
Troy,  from  whose  valuable  pamphlet,  ^tude  nur  le  liebouement 
dca  Montagn4Sj  1  take  these  statistical  details^  supposes  that 
31imbeau's  statement  may  have  been  an  extruvngaut  one,  but 
it  Blill  remains  certain  that  the  waste  has  been  enormous;  for 
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it  is  known  that,  in  some  depai-liaents,  tliat  of  Ari^ge,  for  m- 
etaiico,  clcariug  liati  gone  on  during  the  last  half-«ntiiry  at  tho 
rate  of  tlirec  tlioiisand  af-rvs  a  year,  and  iu  all  parts  of  tlio 
emptra  trees  Iiavo  been  fullud  fu^tur  than  tliey  have  grciwn,* 
The  total  area  of  Fratiue  in  ^Iiraltoairs  time,  excluding  Savoy, 
but  iuuludiiig  AUace  and  Lijrraiue,  waft  alxiut  one  hundred  and 
tliirty-ouu  niillious  of  atires.  The  extent  of  forest  fiuppoeed  by 
Miralieau  would  be  tihout  thirty-two  per  cont  of  tlic  wliulo  tcr- 
ritorv.  In  a  country  and  a  cliiuatu  where  the  conecrvative 
intlueuccs  of  the  forest  are  so  noceeaary  as  in  France,  treee 
must  cover  a  lai^  surface  and  lie  grouped  in  large  masses,  tu 
order  to  disdtai^  tu  tlie  best  ad  vantage  tho  various  functions 
aesigiiod  to  thorn  by  nature.  The  consumption  of  wtxxl  is 
rapidly  increasing  in  that  empire,  aud  a  large  part  of  its  terri- 
tory is  mountainous,  sterile,  aud  otherwise  such  iu  character  or 
situatiiHi  that  it  can  he  rtwro  profitably  devoted  to  the  grnwth 
of  wood  than  to  any  agricultiirnl  use.  Hence  it  is  evident  that 
tlie  proportion  of  forest  in  1750,  taking  even  Mirabenu's  large 

*  Among  tint  Icdiract  proofii  of  Uio  ooinpatatJT«lf  raovnt  cxutcoo*  ot  aattan- 
dre  fbreiiU  iu  Fmace,  mny  bo  mcntioDcd  Che  toot  that  woItm  were  nhnudnat, 
not  rtrj  long  bUico,  tn  parts  of  Uid  cnijiiia  wbon  then:  on  now  ocithur  wolvui 
nor  woods  to  •holUiT  tbom.  Arthur  Toong  mor«  tb&o  onoe  ■pcftk*  of  th«  ' '  In- 
nam«rabla  multitiidM"  of  tboM  aaliaaU  which  infwUd  Fcanco  in  1780.  aoA 
Oeongv  SaoA  0tat«»,  In  the  Hittair*  4e  ma  Vie,  Ui»t  aotne  yean  iift<.T  the  rto- 
tomtioa  o(  th«  Bourboiw,  lb«y  ebiued  tnrellcr*  on  bonebM^  tu  the  •vutb«m 
proriDoeai,  and  lltcmll;  kniK-krd  at  thn  doon  ut  her  fftthcr-in -law's  oountrjr 
Mat.  Eng^ni*  da  Ouuriu.  wnlin^  frutn  Kh^'sboc  in  LaoKUOdoo  in  1631  ipMks 
of  heArinjT  the  wolvcit  figltting  with  dog*  Iu  the  night  onder  her  Ter;'  windowm. 
UUret,  ^  od.,  p.  6. 

There  ■Mini  to  hnro  been  «  teodenej'  to  exoesdve  deartng  la  Centrid  u)d 
Westeni,  eoiUertbaa  in  Soath^eartoni,  Fruico.  BoEzitLnl  Paliaajr,  in  the  IUcrpt0 
yintalAn,  ftnti,  {iHated  la  1SA8,  Hiwi oomjvlftfiu :  "When  I  ooaitidcr  the  vnlus 
of  th«  leuii  clump  of  tr««a,  ot  •v«n  of  ihunis.  I  much  nnurel  at  tli«  gnnt 
ignonuiae  of  mt-n,  who,  oi  it  aeemeUi,  do  nowailoTS  studj  aa\j  to  bre&k  down, 
fell,  uid  wa«t«  the  fnir  (uro»U  which  their  torcfxther*  did  i{u*r<l  no  choioetf. 
I  would  think  no  eril  of  ihem  fnr  cnctiii^f  down  the  woods,  did  thc^  bitt  re- 
plant again  oohm  port  of  tbetn ;  but  th«y  com  DOUKht  for  the  timo  la  uom«, 
neitbei  reck  they  of  the  grekt  dmniagB  th^  do  to  their  ohiUlnm  which  nball 
come  after  tb«m.**— CS^srw  ComplHt*  ie  BEKX.utD  Fai.iiuit,  I9U,  i^  Ml 
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cfidraatc,  was  not  Tcry  much  too  great  for  permanont  inain- 
teimm-e,  thongh  lionbtleaR  the  distribution  wae  fio  nne<)ual  that 
it  would  havu  been  sound  jwlicy  to  foil  the  woods  and  clear 
laud  in  aome  provin<:es,  while  largo  foivsts  elioiild  Imvo  been 
]>lauted  ill  othere.*  During;  the  period  in  quc6ti<m  ri-anco 
neither  exported  inaniifaL'toi-od  wood  or  rough  timber,  nor  do- 
rived  iinportaut  collateral  advaiitafjes  of  any  eoi-t  from  the  do- 
fitructiou  of  her  foroBts.  Sl»e  ia  consequently  impoverished  and 
crippled  to  the  ext<?nt  of  the  difference  l>ctweeu  wliat  she  actu- 
ally po6SCBSC6  of  woodml  eurfauo  aud  what  bIic  ought  to  havo 
retained,  f 

The  force  of  the  varioiia  eonsi derations  which  have  been  ang- 
gested  in  regard  to  the  iiuptii-tauc-o  of  the  forest  has  been  gene- 
rally felt  in  France,  and  the  subject  has  been  amply  debated  in 


*  The  ricw  I  have  taken  of  thin  point  is  ctinflnncd  hy  tfae  oarefnl  li)Teitig»> 
taou  of  B«otawl).  wbo  cstimatca  th«  propar  proportioa  of  wouiUnnd  to  catim 
mtfaoe  at  twentj-tbren  |i«r  tx-itL  tot  Urn  interior  of  Oiiruuuij',  AUtl  fiup|>0M» 
thAt  near  th«  cout.  where  the  air  U  nippli«d  with  humidity  by  «Taporanoa 
from  ttw  M»,  it  mlt^ht  mfvly  be  redncod  t<i  twenty  per  enut.  S«c  BenUsch's 
Tciy  viJuable  ptlM  eway,  Dtr  Wald  im  UauilaUt  derNatur  vnd  der  VoUct' 
fHirthaettaft^  cap.  vlU. 

The  dae  proportion  Id  FranM  would  cotuideiably  axoeed  that  for  th«  Ger- 
ntaii  Suum,  beouiHe  Fraooe  has  ralaliTely  wore  anrfkoe  nuflt  for  any  grotrUk 
but  IliAt  of  vood,  b»oaBM  Um  fona  aod  gwlogleal  dianotor  of  her  monnuioi 
expooe  ber  territoiy  to  raaoh  greater  injuiy  from  torrentA,  and  twoauM  at  Umafc 
her  feoathent  proTtnceii  are  more  freqaently  Tlaited  both  by  extremo  droughts 
■od  by  doltifirig  mioa. 

\  In  Xbiyi.  Franco  imported  lumber  to  tho  Talue  of  trcnty-flvc  and  a  half 
milliaiia  of  (InUim,  and  exported  to  the  auiouilL  of  nx  and  a  lia]f  nkilliniiH  of 
doIlariL  The  annual  coommptjoo  of  Franco  wm  entiiTUkted  in  IftJfl  at  313,- 
000.000  onbio  feet  for  liailding  and  mauafoctunng,  and  l,68S,dOO,000  for  fir«> 
irood  and  idiarooaL  The  annual  piodncl  of  tlio  forost-soil  of  France  dooa  not 
KtaaaA  70,000.000  cubic  feet  of  wood  6t  for  fnduatrial  tuc,  and  l,a00.0OO,UOO 
onUe  feet  omsumod  iw  fuel.  Thlx  oetimate  dooa  not  iududo  the  product  of 
saatt«(«d  trees  on  private  gnnind«,  bat  the  oonsomption  ia  oetinutcd  to  cxoeed 
the  pnxtaction  of  the  forcste  by  tho  amount  of  about  tveriLy  inillioiis  of  dol- 
lara.  It  ia  worth  nollcinj  that  the  tirab«r  for  boUdinR  and  moiinfactuHng' 
prudacnl  in  France  oomea  aliuoat  wholly  from  Uie  forents  of  the  ntate  or  uf 
tb«  oommunca.— JuLEB  Cutvi,  in  Itaue  dta  Deux  MwitUa  tar  March  1,  IfiGQ, 
p.  S07. 
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Bpeuial  treatises,  in  scientific  jonrnals,  and  by  the  public  prcM, 
u  weU  aa  in  tho  lei^tslativo  body  of  that  country.  Perhaps  no 
one  point  liae  been  more  pnmiincut  in  the  discussions  thnii  tho 
influence  of  the  fort-st  in  cqtmlizing  nnd  regulating  the  flow  of 
die  water  of  pmcipitation.  Opinion  is  still  s^^mewhat  divided 
on  this  subject,  but  the  value  of  the  woods  as  a  safeguard  against 
the  ravages  of  torrents  is  universally  acknowledged,  and  it  is 
hardly  disputed  that  the  rise  of  river-floods  is,  even  if  as  great,  at 
least  less  sudden  in  streams  having  their  sources  in  well-wooded, 
territory. 

Upon  the  whole,  the  conservative  aetion  of  the  woods  in  re- 
gard to  torrents  and  to  inundations  has  been  generally  rceognizi'<l 
by  the  public  of  France  as  a  matter  of  prime  importance,  nnd 
tlie  Goveniment  of  the  empire  has  miide  this  principle  the  basis 
of  a  special  system  of  lej^islation  for  tlie  protection  of  existing 
forests,  and  for  the  formation  of  new.  The  clearing  of  wood- 
land, and  the  organization  and  functions  of  a  police  fur  its  pro- 
tection, are  regulated  by  a  law  bearing  date  June  ISth,  18ri9, 
and  provision  was  made  for  pr(^>inoting  tlie  restoration  of  private 
wotxlsbya  Rtatnto  adupted  on  the  2Sth  of  July,  18(10.  The 
furmer  of  these  laws  pawned  the  legislative  body  by  a  vote  of 
246  ^^inst  4,  the  latter  with  but  a  single  negative  voice.  Tho 
influou(%  of  tlio  Government,  iu  a  country  wJicre  the  thn>iie  is 
so  potent  as  in  France,  would  account  for  a  large  majority,  but 
when  it  is  comidereil  that  both  laws,  the  former  especially,  in- 
terfere verj*  materially  with  tho  rights  of  private  domain,  tho 
almost  entire  unanimity  with  which  they  were  adopted  is  proof 
of  a  very  general  popular  conviction,  that  the  pi-otectiou  and 
extension  of  the  forests  is  a  measure  nioro  likely  tlmn  any 
other  to  arrest  the  devastations  of  the  torrents  and  ulieck  the  vio- 
lence, if  not  to  prevent  the  recurrence,  of  destructive  river  inun- 
dations. The  law  of  July  L^Sth,  IHBO.  appropriated  10,(K>i),(XtO 
francs,  to  bo  oxpendotl,  at  tho  rate  of  1,OO0,O(>O  francs  per  year, 
in  executing  or  aiding  the  replanting  of  woods.  It  iit  I'rompuiod 
tliat  this  appropriation — which,  cont»idcriugthe  vast  impoitauce 
of  tho  subject,  does  not  seem  extravagant  for  a  nation  rich 
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euQugli  to  be  able  to  expend  aDiiuallj  bU  btmdred  times  that 
snm  in  tlic  Limiutcnancc  of  ite  military  establtiihiQeiite  'm  times 
of  peace — will  aecure  the  creatiou  of  new  forest  to  the  extent  of 
about  200,000  acres,  or  one  fourteenth  part  of  the  eoil,  where  the 
restoration  of  thd  woods  is  tliought  feasible,  and,  at  the  same 
time,  specially  important  us  a  i»ccnrity  a^inst  the  evUa  ascribed, 
in  a  great  measure,  to  its  destruction.* 

In  1$C5  tlic  Legislative  Assembly  pasAcd  a  bill  amendatory  of 
the  law  of  1S60,  provicHiig.among  (ttlier  Uiingti,  for  securing  the 
soil  in  exposed  localities  by  grading,  and  by  pj-omoting  the 
growth  of  grass  and  the  formation  of  greensward  over  the  sur- 
face. This  has  proved  a  most  beiieficMal  inejisiiro,  and  its  adop- 
tion under  corresponding  eonditiuns  iu  the  Unitctl  States  is 
most  highly  to  be  recommended.  The  leading  features  of  the 
Bv'stcm  are ; 

1.  Markiiig  out  and  securing  fmin  pasturage  and  all  other 
encr<iaclimenta  a  zone  along  the  banks  and  aroand  tlte  head  of 
rav-iuts. 

2.  Turfing  tliis  zone,  which  in  France  accomplishes  itself,  if 
not  ei>outancously,  at  least  with  little  aid  fixjm  art, 

3.  CotiBolidation  of  the  Bcarjw  of  the  ravines  by  grading  and 
wattling  and  establiidiing  barriers,  souietiniea  of  sulld  miiJi'inry, 
but  genemlly  of  fascines  or  any  other  suuple  materials  at  hand, 
across  tlio  bed  of  the  strc>am. 


*  In  IBtS  the  Ooramneiit  ot  the  no-callvd  Vnadb  BvpabUo  mcAA  to  tho  Unnk 
ot  Fraooe  167,000  aom  ot  public  torentM,  unA  ootwithrtftnding  th«  Mhl  with 
which  the  iin]>cri&l  GovamniBnt  hod  pniaMxI  tbo  prot«otlTO  logUatioa  of  ISOO, 
it  introduced  inu)  the  Logislativo  AneraU}*  in  IBliO  a  bUI  for  Uie  nle,  and  ooa- 
MK|ueu(Jjr  dcNtxaotioD,  ot  Uio  forests  ot  th«  vtate  to  tbe  uuount  of  one  buudx«4 
million  frtutn^  Ttm  qnevtioQ  wu  tnaoh  delated  In  tlie  AaHombljr,  oni]  [mblla 
Ojjiiaiou  nuiif ectod  itcclf  ho  cocruvtically  aguiut  thfi  meaxtue  that  ^he  miuistTj 
fell  itaeU  compeltod  to  withdraw  It.  H«e  the  diacasnooB  io  L'AlieHution  dm 
F>n-iU  fU  V&aL    Puit.  tM(V. 

The  bte  Inperial  Garennnent  mid  About  170,0M)nGr«iof  woodlAod  botwaan 
1M2  and  1868,  both  hivliuuve.  The  other  Govrmmeatit,  dnoc  tb«  rrrtoratloii  ot 
tha  Boortaoiu  in  1814,  HUaniited  mon  than  700,000  ftOrM  of  tb«  [>ul>li<!  forests, 
eu:lu«lYa  of  sales  betwoea  199(1  sod  1837,  whioh  ore  not  raporuM].—. I  r*Au<i^ 
iu  Sitia  et  f^rtlt,  1873,  !>■  9. 
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4.  Cutting  banquettes  or  narrow  ten-ftces  along  the  scarps,  and 
plRiitiiig  rows  of  enmll  dec'iduouB  trees  and  arborceceut  eliniUe 
npnii  fhein,  alternating  with  belts  uf  grass  obtained  by  turfing 
M'ilh  strfls  or  sowing  graw-geoda.  Planting  the  banquettes  and 
slopes  with  bnshes,  and  sowing  any  other  \eg«tahle8  with  tena- 
cwjiis  roots,  is  also  canicatly  recommended.* 

JRemedies  againtt  Torrents. 

The  rnral  population,  which  in  France  is  generally  hoetile  to  all 
forest  laws,  soon  acquiesced  in  tlie  adoption  of  Uiis  s}*8tem,  and  its 
finecese  has  far  surpassed  all  exjtcctation.  At  the  end  of  the  year 
1868  about  1 9*^i,0QO  aci*c8  bad  been  planted  with  trees,!  and  nearly 
7,000  acres  well  turfed  over  in  the  Do])artnient  of  the  Hautes 
Aljws.  Many  hundred  ravines,  several  of  which  had  been  tlie 
cbannels  of  formidable  torrents,  had  l>eon  secured  by  barriers, 
grading  and  planting,  and  according  to  official  reports  the  aspect 
of  the  mountains  in  the  Department,  wherever  these  methods 
were  employed,  had  rapidly  changed.  The  soil  had  acquired 
snch  stahillty  that  the  violent  rains  of  1868,  eo  destructive  olse- 
wheif,  produced  no  damage  in  the  districts  which  had  l>een 
snhjected  to  the«e  operations,  and  numeroas  growing  torrents 
which  tlirealencd  irreparable  mischief  had  been  completely  ex- 
tinguished, or  at  least  rcadercd  altogether  harmlees.^ 

Besides  the  processes  directed  by  the  Government  of  Fmnoe^ 


"  Sc«  a  deKTiptJan  of  rimllsr  proc«aKB  reaammended  onl  5do|»t«d  b;  KiB- 
eottl,  hi  Ilu  Idraxiiica,  vol  ii.,  c^p.  rdL 

\  Trnvtlm  •tpcnding'  the  winter  at  Nine  mny  bore  a  (rood  opportanity  of 
etodying-  ibe  iu>  :hod«  of  tonniug  uid  ooodoctiiig  the  rawoocUnc  of  moontAm. 
itlopra,  tinder  thi:  most  nnftrvomble  ooniditlani),  h;  TUiitinj^  Hoot  Boroa,  iu  the 
immediate  viomity  of  Uut  citjr,  and  other  eout  plantatioiifl  la  tint  prorince, 
where  RTeat  difflcnlUm  hare  been  oonplobelr  ovenosie  1^  tlio  ddll  mid  per- 
MTtnaca  of  French  foreet«n.  Bc«  Lea  Fariu  dm  Jfauna,  Hmmt  det  JSa*m  tt 
FMU,  Jwnnarr.  ISfiO. 

t  For  ample  dcttiilN  of  proccum  und  nmlU,  me  the  aeoond  rohnne  of  SD- 
HEi.i,,  J^u4e  rur  lot  Tmrtnta,  Piu-ui.  18TS,  ud  m  Report  bj  Db  L*  Gstv,  tB 
tlic  liftitie  dfli  JS(tna  H  ForfU  for  JanoMjr,  1609. 
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vftrions  ftiibsidiary  measures  of  an  easily  and  economically  pi-ao- 
ti<aihle  character  have  been  sitggestcJ.  ^Viiioiig  them  is  one 
whicli  has  long  been  favomlily  known  in  our  Southern  Stat-ce 
iunlcr  the  name  of  circling,  and  the  adopticin  of  which  iu  hilly 
regions  in  otlior  States  h  to  be  strongly  recomniended. 

It  is  simply  a  method  of  preventing  tlie  wash  of  surface  hy 
rains,  and  at  the  same  time  of  provlduig  a  eubstitnto  for  irri^- 
tiou  of  sleep  pastiiro-groiinds,  consisting  in  little  more  than  in 
nnining  horizontal  furrows  along  tho  hillsides,  thus  fonvorting 
the  scarp  of  the  lulls  into  a  finccesftion  of  small  lerraces  which, 
when  once  turfed  over,  are  very  permanent  Kxpenenae  \&  said 
lo  have  demonstrated  that  this  simple  process  at  least  partially 
checks  the  too  rapid  How  of  si irfjice- water  into  the  valleys,  and, 
conecqnently,  in  a  great  measnro  obviates  one  of  the  most  prom- 
inent i-anses  of  inttudatiuns,  and  that  it  suffices  to  retain  tho 
water  of  rains,  of  snows,  and  of  small  springs,  long  enough  for 
the  irrigation  of  the  soil,  thu9  increasing  its  product  of  herbage 
in  a  fivefold  proportion.* 

As  a  further  recoramondatioii,  it  may  be  observed  that  this 
process  is  an  admirable  preparation  of  the  ground  for  forest 
plantatione,  as  yonng  trees  planted  on  the  terraces  would  derive 
a  iisofiil  protection  from  tho  form  of  tlie  surface  and  the  coat- 
ing of  turf,  and  would  also  find  a  soil  moist  euotigh  to  eecnre 
tlieir  growth. 

Forests  of  Italy. 

According  to  tJio  most  recent  statistics,  Italy  has  IT.C-i  per 
cent,  of  woodland,t  a  pro[iortion  which,  considering  the  char- 
acter of  climate  and  surface,  the  great  araotmt  of  soil  which  la 
fit  for  no  other  purpose  than  the  growth  of  trees,  and  the  fact 
that  much  of  the  land  classed  ae  forest  is  either  very  imj>cr- 
feotly  wooded,  or  covered  with  groves  badly  administered,  and 
not  iu  a  state  of  progressive   improvement-,  might  advanta- 


•  Trot,  J^udf  «vf  U  -fiMMMnwnf  d«f  Umtagnet^  ^  0,  7,  81. 
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gdouftlv  l>o  doubled.  Taking  Italy  as  a  whole,  wo  may  eay  tliftt 
fibe  is  eminently  fitted  by  climate,  soil,  and  BTiperficial  foniia- 
tion,  to  tlio  gruwtli  of  a  varied  aiid  luxuriaut  arboreal  vegeta- 
tiou,  aud  that  in  the  interests  of  self-protectiou,  the  promotiou  of 
forcstal  industry  ie  among  the  fij-st  dutiee  of  her  pcf.iple.  Theio 
ai-e  in  Western  Piedmont  valloys  where  the  felling  of  the  woods 
has  produced  congeq nonces  geographically  and  emnomically  as 
diaaBtrons  as  in  South -eastern  France,  and  there  are  many  other 
districts  in  the  Alps  and  the  Apeuniues  where  human  improvi- 
dencehas  been  almost  equally  destructive.  Some  of  those  regions 
must  be  abandoned  to  absolute  desolation,  and  for  othci-s  tho 
ojjportunity  of  physical  restoration  is  rapidly  pasfiing  away. 
But  there  are  still  millions  of  square  miles  which  might  profit- 
ably bo  planted  with  forest-trees,  and  thousands  of  acres  of 
parched  aud  barren  hillside,  witliin  sight  of  almost  every  Ituliau 
pro^ineial  capital^  whicli  might  easily  and  shortly  bo  reclothed 
with  verdant  woods.* 

The  denudation  of  the  Central  and  Southern  Apennines  and 
of  tho  Italian  declivity  of  tho  Western  Alps  began  at  a  period 
of  nnkno\vn  antiquity,  but  it  docs  not  seem  to  have  been  car- 
ried to  a  very  dangerous  length  until  the  foreign  couqneets  and 
extended  commerce  of  Rome  created  a  greatly  iucreascd  de- 


*  To  one  aoonstomod  to  tbs  slow  TOgctatloa  of  Im  faTored  olimoii,  the  ni- 
piditjrof  ffrowtb  in  ycmng  plantatloot  is  Ital f  M«ou  almoat  nogloaL  Thelrcet 
planted  along  the  nsw  drives  and  Arennea  in  Floieoco  have  attained  in  three 
or  four  jrean  a  dsTdopmeot  which  irottld  reqnire  at  kaat  ten  in  onr  Xorlbern 
BtateB.  Tbia,  it  is  troa,  ia  a  apedal  oaae,  for  the  troea  bftTB  bean  planted  and 
ttaiai  w-itb  a  akitl  and  care  wbkib  aannoC  ba  bartowad  apon  ■  foreat;  but  tbo 
growth  of  tnaa  littla  oaxed  for  ia  irtlll  rei^  npid  In  Jitiy.  Aooording  to  Toa- 
eaneUi,  BaoiutmSn  rvraU  tutUt  Pr«n'wia  dt  JVw,  p.  8,  nrf*— oo«  of  the  mo«k 
oomplete,  iniriooa,  and  instructive  (itcturca  of  rural  life  which  azists  in  any 
litentara — the  while  |iopInr.  Popuiut  aBkt,  mUaiat  in  tbeTalleyof  the  SoroUoa 
gnat  height,  with  a  insan  diameter  of  two  feet,  in  twenty  jaaa.  Sehai  ttatn 
in  fail  iiiamtn  Paiu$lrt.  p.  119,  that  the  Unden  reacboi  a  diameter  of  abrtvaa 
fnehaiin  the  aame  period.  Tfaogrowthof  foieigntreaaitMnialiBMeextreiiMly 
laxnriant  in  Ttalr-  Two  Atlu  ocdara,  at  the  well  known  Tilla  of  Oangg**  ■»•' 
Florence,  grown  from  aeed  aown  In  IViO,  mcafmre  twenty  inahea  in  dianvtor, 
abore  the  swell  of  the  root*,  wltli  BO  wttmated  heigtit  of  aixty  (iMtk 
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inand  for  wood  for  the  conetruetioii  of  ships  and  for  militaiy 
iDBterial.*  The  Eastern  Aljw,  tlie  Western  Apenniues,  and  tlio 
Haritimo  Alps  retained  their  forests  much  later ;  hnt  even  here 
thf  want  of  wood,  and  the  injurj-  to  the  plains  and  the  naviga- 
tion of  the  rivers  by  sediment  brought  down  by  the  torrents, 
led  to  lej^iftlation  frir  the  protection  of  the  forests,  by  tlic 
EepubHc  of  Venice,  at  various  periods  between  tho  liftecnlh  and 
the  nineteenth  centiiries,t  by  that  of  Genoa  as  early  at  least  a3 
the  seventeenth  ;  and  both  tliesc  Governments,  as  well  as  several 
others,  jiawied  laws  requiring  llic  pnj|irieti3rs  of  mouiilnin-lands 
to  replant  Uio  woods.    These,  however,  soeiu  to  have  been  little 


*  Ad  interesting  ttz&mplu  of  tho  collateral  tttmHB  of  th«  dntruotioa  of  tliB 
formu  lo  findcnt  ItAl;  mnj  bn  found  In  oM  nonun  •rebHootare.  In  tb* 
Dldeab  brick  constractaonB  of  Kome  tho  brides  am  wry  tJiin,  vtxy  thonughlj 
burnt,  and  lud  with  a  thit^k  stTBtam  of  mortAt  lictwccn  tho  ooutt^s.  A  few 
osBtnricii  l&bor  tho  bricka  vrcru  thicker  and  l«n  well  burut,  and  tho  Ujran  oZ 
mortAr  were  tbiimci.  Tn  tholmpcritil  pcrind  tho  brickii  vrtn  tdT\  thldter, 
g«o«i>ili;-  Boft-buznt,  and  with  lilUo  mortsr  botwoon  th*  connm.  Thia  fast, 
]  think,  is  dne  to  tho  Almndnnce  nad  cfaoapncu  of  fa«1  in  onHinr,  andlte 
growing  aOMroeoeM  and  dc^rnoH  in  Intar,  agea.  Vibcn  wood  cost  littlt,  ooa- 
stRictora  ooald  affoM  to  burn  their  brick  thorotifchlj,  nnd  to  bnm  and  tua  & 
gratt  qnsiiti^  of  Umo.  As  tba  }>Tico  of  firo-WDo<I  adviuiccd,  thvy  wcro  nble 
to  oonsmne  Icbm  fnul  in  brick-  nnd  limc-kilnit,  and  ihv  quality  and  i|iiiuitit|y  of 
bricdc  md  lime  used  ta  buildini^  wcm  gmdunUj'  rarcncd  in  proportion. 

The  mallitnda  (if  gcognipbic&l  dihrisnationa  in  Ttol^'  which  indimvu:  the 
fonner  cdsteaoe  of  fonsta  ehow  that  erea  in  tho  Middle  Agra  Ihorn  were 
woods  when  no  for««t-trce«  are  now  to  bo  f  onnd.  Tlmre  ar«  hnndrotls  of  names 
of  inndiiDT&l  towna  detired  from  abtte,  acerv,  carpiiu?,  eafUtgiw,faf/ifio,firu$tfti^ 
firut,  tiufraa,  and  other  names  of  trees. 

1  See  A.  de  Bcrengei'a  vBluable  Saffgt^  Slari»  Mia  ZtgUationi  Vni«<a 
ForMatn.    VcmxU,  1683. 

We  da  not  find  in  the  Vattetiim  fonstal  UgUAtloa  mndh  vrldenibe  that  g«>- 
graphical  Brguinimta  were  taken  hito  aooonnfc  bj  the  lawgiven,  who  Mem  to 
have  bad  oa  070  0QI7  to  eoonomJoal  oooiidoratioiu. 

Aouonling  to  Hammcl,  tho  dwoletJon  of  tho  Knnrt,  tho  high  platcnu  Ijlng 
uoith  of  TrieMe,  bow  one  of  the  most  pcuchcd  end  burcn  dlittloli  In  Eoropi^ 
1b  owing  to  tbc  feCing  of  tta  woods,  centarics  ago,  tobntld  tbenavlMOf  Totdee. 
"  Where  the  nuMrahlfl  peasant  of  the  Kuvt  now  ee«a  nothing  bat  bote  rode 
swept  and  soonrcd  hj  the  ngiag  Bora,  the  furj  of  thia  winil  wm  OBoe  subdued 
hx  nilgbtjr  firs,  whidi  Veoioo  reckiosalj  oat  down  to  build  her  fleeti." — 7*Ay- 
fiuAe  Ott/grnfMe^  p.  3S. 
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observed,  arid  it  is  p>ncra]lj  time  tliat  the  present  c(>iiditiou  »f 
the  forest  in  Italy  Js  much  less  due  to  tlie  want  uf  wise  legishi- 
timi  for  ifR  prolcctinn  than  to  the  laxity  of  the  Governmeuls  in 
enforcing  their  lawft. 

It  ia  vary  common  in  Italj-  to  ascril>o  (o  tlic  French  occupa- 
tion ander  tlw  first  Empire  all  the  improvcnicntB  and  all  the 
abu&es  of  recent  tiiiiee,  areordirig  to  the  ixilitical  svinjialhicft  of 
tbe  individual ;  and  the  l^eudi  are  often  flaid  to  liave  pix^tro- 
ted  every  forest  whirh  haa  disappeaiwl  within  this  centnry. 
But,  however  this  may  bo.  no  energetic  system  of  repression 
or  rest4)ration  was  adopted  by  any  of  tlie  Italian  Stales  after  the 
downfall  of  the  Empire,  and  tbo  taxes  on  forest  projicrty  iit 
some  of  them  were  bo  burflensorne  that  rural  iiiunici[iaUtiL-*) 
Bometimcf  proposed  to  code  their  common  woods  to  the  Guv> 
emment,  without  any  othcir  com|K!n nation  than  the  remist-ioii  <»f 
the  taxes  impoecd  on  forest dandii.*  lender  Buuh  circunti^tanfea, 
woodlands  would  Boon  bccumc  disafforested,  and  whore  facili- 
ties of  transportation  and  a  f;fO<»d  demand  for  tinilier  liave  ia- 
ercased  tlio  Induccnicnts  to  fi-II  it,  as  npfin  the  biirdere  of  the 
Mediterranean,  the  dc&triiction  of  tlie  forest  and  all  tlie  evils 
wliicli  attend  it  have  jrnno  on  at  a  seriou&ly  alarming  rate. 

Gallcn<ru  ^ivcs  a  striking  account  of  the  wantuu  destructicn 
of  the  fore^  in  Noi'theni  Italy  within  Ins  jiersunal  recol lection, f 
and  tliero  are  ifew  Italians  past  middle  life  wlioee  own  memor)' 
will  not  supply  similar  reminiscencefi.  The  clearing  of  the 
inf)Dntain  Talleys  of  the  pruvincee  of  Ber^no  and  of  Brcficia  ia 
recent,  and  Lombardini  informs  ub  the  felling  of  the  woods  in 
the  Valtclline  eomnumccd  little  nioru  than  forty  years  ago. 

Although  no  country  has  produced  nioro  able  writers  on  the 

*  R«9  tbe  PotiMnica  foe  the  mvaih  of  M«t,  I?03.  !>■  £34. 

f  "  Fnr  liway  in  tfae  (Urkeiit  wcemics  of  ths  laooDtalnH  •  kind  of  ttnJvenoil 
coniplncy  »«cm*  to  hav«  l>eea  got  up  amony  tbaw  Alpine  peopl«, — »  d««tnt«- 
tiye  mitala  to  tiowutd  nircapdown  evoiTthiiig  ib»l  ntutda  on  foota.** — Ootintrjf 
JAfe  in  Pittf*«mt.  p.  134. 

"  Ttiflri>  lire  bnge  pjimmidtof  mcnintAlofl  nowbwe  Bud  blenk  frcim  bue  to 
tqminit,  vhioh  men  1101  llntm  uid  •dU  yonnf  nnembec  Metiig  nchl^  luaa- 
tied  with  all  bal  prlmeral  formM."— iMl,  p.  133. 
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valae  of  tlie  forest  and  the  geiicml  coiiseqoencMJS  of  ita  destrnc- 
tion  iLan  It«Iy,  yet  tho  s|>eeific  gcogrttjiliical  importance  of  thfl 
wfiodft,  except  as  a  pn^teL^tion  i^^iiist  iniiiidationB,  Iia**  not 
betii  m  clcau-l^-  recognized  in  that  couiitrj  as  in  tlic  Slates  bor- 
dering it  on  tiie  nortli  and  west.  It  is  true  that  the  face 
of  nature  has  been  as  completely  revolutionized  by  man,  and 
that  the  action  of  torrents  baij  cn-ated  almost  as  wide  and  aa 
hopeless  devastation  in  Italy  as  in  France  ;  but  in  the  French 
Empire  the  recent  deaulatiou  produced  by  clenriii^  the  foreeta 
id  looro  extensive,  hajs  been  more  suddenly  effected,  has  occurred 
iu  lesa  remote  and  obscure  localitieie,  and,  therefore,  exoites  a 
livelier  and  more  general  interest  timu  in  Italy,  wliui-e  public 
o]>inioii  d<x»  not  80  readily  eonnect  the  effect  with  its  true  cause. 
Italy,  too,  from  ancient  habil,  employ*  little  wood  in  architec- 
tural eouBtruction ;  for  generativjns  she  has  maintained  no 
military  or  commercial  mariuo  large  enough  to  rc<|uirc  ex- 
haustive quantities  of  timber,*  and  the  uiildness  of  her  climate 
makes  small  demands  ou  tlie  wtKids  for  fuel.  lV«ldes  lhe«e 
circmmstanoen,  it  must  be  remembered  that  the  sciences  of  obacr- 
vation  did  not  become  knowledges  of  practical  a]>plicati«>n  till 
after  the  mischief  was  already  mainly  done  and  even  forgotten 
in  Alpine  Italy,  while  its  evils  were  just  beginning  to  be  sensibly 
felt  in  France  when  the  claims  uf  natural  plulv»iu.)pliy  a»  a  liberal 
Btudy  were  lirst  acknowledged  in  nK»deni  Europe.  The  fornitr 
]xilitteal  condition  of  the  ItJiIian  Peniui^ulu  would  have  effectu- 
ally prevented  tho  adoption  of  a  general  syetera  of  foi-eet  econo 

*  The  gieat  Daval  kud  oonuaeroul  iniuritMa  ot  VeDioe  and  of  Oeno*  moat 
Iiave  oocoHiuaed  an  ImmaiiBe  cooaainpttoD  of  lumber  Id  the  Uiddle  Agea,  and 
tlift  ceuturie*  jiiun«iliat«^ iaoc«eduig  those  commouljr  cwbraoed  in  thai  dcMg. 
nation.  Tbo  marina  coosLrartion  uf  that  period  employed  Iat^t  tuobcni  than 
tlto  inodeni  aaT»]  arcUtccturo  of  moft  comiueicial  countnca,  but  appfttADtly 
wtLliout  o  propori:ii>iuvl  iucreaan  of  ecmngth.  Tho  old  inodBa  of  Bhiji-bailiiiiij; 
have  been,  to  a  coiuidcmlile  extent,  baud«d  iova.  to  very  recent  titne«  in  tli« 
Jltnlitemuicui,  and  thoo^jh  better  rnodeln  and  tnodce  of  coiutractiou  are  now 
«ciiI>U>;«d  in  Itidlao  nhipfitrdii,  lui  AmericAn  or  an  GntflUliman  looka  with  aatOB- 
Inlimflnt  at  tha  lin^  Iniamauid  tbick  ptariba  no  nfteu  ein]>Iny«d  in  tba  oon- 
•tmotdon  of  very  amall  vvaMla  navigAtuif  that  mo.  and  not  ytl  old  enough  to 
be  broken  np  aa  uammKaribj. 
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my,  Iwwcver  clearly  the  importance  of  a  wise  arlmiiiistnition  of 
thiR  grent  public  interest  iiii<:ht  iiave  been  undentoixl.  The 
woods  which  fontrollcd  and  regulated  ihc  flow  of  tlie  rivor- 
Bonrc-es  were  very  often  in  one  jiiriRdiction.  the  plains  to  be 
iriigated,  or  to  he  inundAted  by  lleKxle  and  deftdatctl  by  tor- 
rent?, in  another,  ('oncert  of  a<?tion,  on  such  a  sulijcct,  Iwtwecn 
n  iiinliiltide  of  jcalon?  petty  gorcreignties,  was  ohrinnaly  iinjtos- 
sible,  and  nothing  bnt  the  jK-nnanont  nnion  of  all  the  Italian 
Btaren  nnHer  a  single  govemnient  can  render  practicable  the 
establit)hmetit  of  euch  arrangementa  for  the  con&erx-iLtinn  and 
restoration  of  the  foi-ests,  and  tlio  rcgidatioii  of  the  flow  of  the 
waters,  aa  are  nocwwary  for  tbo  full  development  of  tlie  }*et 
nnexhansred  resonrccs  of  lliat  fairest  uf  lands,  and  even  for  the 
uiaiittcnance  of  the  present  oonditiou  of  it6  physical  gct^i-aj^y. 


The  Forettt  of  Oernumy. 

Germany,  indnding  a  considerable  jmrt  of  the  Austrian 
Empire,  from  (.-harHrter  of  enrfact-  and  cliinnte,  and  from  the 
attention  whiuh  hn«  King  been  paid  in  all  the  German  Staler  tu 
Bylviciiltiin.%  ta  in  a  far  better  condition  in  tluti  respect  tlian  its 
more  southern  tiei^libon?;  and  tliuiigh  ui  the  Alpine  proi'incoa 
of  l>avaria  and  Austria  the  same  improvidence  whiL'h  marks 
the  rural  economy  of  the  corresponding  districts  of  Switzerland^ 
Italy,  and  France,  has  produced  cffccu  hardly  less  diaaatrotu,* 

*  K%mn  inntanoe  of  tho  Kwrct^  of  fad  ia  wnie  |<aii«  at  tb«  torrjlnry  of 
Bnmia,  whflra.  not  loofr  iIdo*,  wood  abonnded,  I  m«j'  m«nUon  the  fact  tliofc 
tbo  wKtVT  of  Mlt-*()iriii|pi  is>  in  wnne  uwtanoca,  ooDTejrnl  to  the  diauae*  of 
■ixtj  milo).  in  iron  pipni,  to  rMcb  a  attpplj  <tf  fael  for  boUinir  It  down. 

In  Pntocc,  ibf  jtilce  of  the  mgnr-twei  in  sonntiiDM  oarried  tltrve  or  foor 
tnllMin  pilwA  for  the  kuii«  rMMO. 

M1U17  of  my  readeni  ma;  Ktneaiber  Chat  ifc  ma  not  loag  ago  pnipoacd  to 
maoafootore  tbo  gaa  for  tli«  rapply  of  lioodon  at  tlia  OKwUia  of  tbo  eoal- 
miocs,  anJ  raoTe;  it  to  Iha  oitjr  io  pipoa,  Uiaa  Mving  Um  bnuvportatian  of  (ba 
eoal ;  but  na  the  coke  and  mincnil  tar  wtmUl  xlfll  have  rvtmalDad  to  b«  df»> 
po«ed  of,  the  operation  would  probably  not  bars  prDvod  kdrantagwiaa. 

Qmt  ootmomy  In  the  piodaction  of  petrolmm  haa  ramltad  from  tb«  appH- 
flatkmaf  oaatirantabeatoUMiraIli.InatMdoCteiz^;  tb«  oQ  la  thoa  oaniad 
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yet,  as  a  wliolc,  tlie  German  Sta(e«,  as  Siemoiii  woll  obwrnes, 
nitiBt  bo  oonsidercd  as  in  this  reapect  the  model  countries  of 
Europe.  Not  only  is  the  forest  area  in  gfiieral  iimiutiiiued 
witUout  diiainiition,  but  new  woods  are  plautud  where  they  are 
specially  needed,*  and,  tbongh  the  bIow  growth  of  forest-trees  in 
those  climatca  reflnoea  tlie  dirotrt  iwtiuniary  returns  of  woodlands 
to  a  minimum,  the  gitvoninienbi  wisely  persevere  in  eucouraj^ing 
tbiB  industry.  Tlie  exportation  of  Bawia  lumber  from  Trieste  is 
large,  and  In  fact  the  Turkish  and  Kg^'ptiaii  markets  are  in 
great  part  supplied  from  this  souroe.f 

F&r£tt.9  of  Iltis»ia. 

Kussia,  which  we  habitnally  consider  as  substantially  a  forest 
country — which  haa  in  fact  a  large  proportion  of  woodland — is 
beginning  to  snfFcr  seriously  for  want  of  woofl.  Jounlicr 
oljBOrrcs:  "Instead  of  a  va*it  Turritory  with  immenso  foroslfi, 
which  we  expect  to  meet,  one  sees  only  scattered  groves  thinned 
by  tlie  wind  or  by  the  axe  of  the  mottjik,  j^ronnds  cut  over  and 
more  or  Ie!*s  re*Tnlly  cleared  for  cultivation.  There  is  probably 
not  a  single  district  in  Russia  which  has  not  to  deplore  the 
ravages  of  man  or  of  fii-o,  those  two  gr-ear  enemies  of  ItuBcovito 
eylricnltnre.  This  is  bo  true,  that  clear-nlgbted  men  alrwidy 
foresee  a  crisis  which  will  become  tenible,  unless  the  discovery 


oTor  thfl  Tsrioiu  fantxioklitiM  of  mrfiiM  for  thrM  or  four  tntlM  bo  the  lAuks  on 
tii«  raitioada.  Mid  foioad  into  Uient  hy  Khmn-eu^eo.  Tba  price  of  bwuqxwt 
!■  thni  rednoed  one-fifU]. 

*  Th«  Anstrimo  OoTcnunttil  U  makiag  «n«Tg«ti<:  vfTorU  for  tbq  propngntlaa 
of  foTwta  oa  the  deflolata  wwte  of  bho  Kiuvt.  Tbu  dilBcnltiei  from  dnra^fe 
uid  ftom  the  riol«oco  of  th«  wind*,  vrliich  might  proTo  Cat*!  to  jroonif  knd 
•Tan  to  noinewliat  Ailvanoed  plAntationx,  are  reiy  ncrlons,  but  io  l$i>0  apwur^ 
of  400,0(K>  tCE-cB  hwl  be«D  plastod  and  gnat  qoaatitioi  of  aeeda  aavo.  Tbaa 
tmx,  tb«  naaltfl  of  this  important  experimmtb  arc  said  to  bo  encoaniKiiiK.  Sett 
th»  Ohrmtqtu  Fortrtitrs  In  tlie  Rave  da  Btw  «t  Forltt,  Feb.  1870. 

f  For  InfonnaUaB  raipeetiiij;  th«  foreMt«  of  Oermao;,  u  well  M  other 
Boropeaa  ooanthet,  h«,  benden  the  vrorkj  olrAodj  cited,  tho  vcij  Taltabla 
Haavtde  ^ArU  Fi)reri<^  of  aiamool,  3de  edkiona,  Fircnze,  1873. 
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of  ^^rent  dopoelts  of  some  nevr  combustible,  as  pitrooal  or  antlirar 
cite.  Bltall  tliminiah  its  ovils."  * 

*  ClatI,  Studu  aur  e££onMttit  ForettHre^  y.  301.  CltLVh  miia  (p.  263) : 
"Tbn  Rneeiao  forasU  are  Tcry  nQoqamlljr  tUstribnted  tbrongb  the  ianitory  of 
Hum  vAAt  empire.  In  Uie  aorth  Uwy  torn  immense  maaB«A,  Rod  vovcr  wbfde 
prarincos,  vhila  in  tbo  sonth  tber  ue  n  oomplefcdj  wanting  tbmt  the  inhabit- 
tnta  boTO  DO  other  fuel  thui  atraw-,  dang,  ruahet,  and  Iteath."  .  .  .  "  At 
HoMHnr,  fiiswtMjd  costfl  thirtjr  par  oaaU  mwu  than  at  Psri^  wbUo,  at  tbii  ilia- 
tAno9  of  a  t«w  leagUM,  it  mUi  for  « t«Qth  of  that  prioe. " 

Ttda  state  af  things  ia  putlj  dno  to  the  want  of  faoilitiea  of  tranaportation, 
ami  aoiae  porta  of  tb«  United  Statca  ore  ia  a  •IniUr  coodllion.  During  a 
•eran  wutt«r,  luu  or  tvelTO  foata  ago,  tho  auddeu  freezing  of  the  oaoab  and 
livers,  before  a  larg^  Amorioui  town  had  roociTod  it«  naoal  mipplj  of  fnd, 
oooaaiotied  on  euormoua  riM  in  the  priixi  of  wood  and  cool,  and  the  poor 
stffend  seTeiel;  for  want  of  It.  Within  a  few  honiB  of  the  dtj  wore  lat^ 
fortsU  and  an  abundaat  atoek  of  Biewood  felled  and  prepared  for  buxning. 
This  might  eoailj  kaTa  bean  carried  to  town  hj  the  railroads  wbioh  pamed 
tbroDgb  the  woodd ;  but  the  luouugera  of  the  roada  icliucd  to  i«oeivc  it  aa 
frttigbt,  bocanse  a  riral  market  for  wood  mEght  rai»e  the  pHoe  of  the  fuel 
th«7  employed  for  their  loooinoliree.    Tral^,  our  railwa^ni  "  want  a  maat«r." 

Uohunatoin,  who  was  long  profeasionaUr  employed  aa  a  far»tor  ia  Koaaia, 
doacdbcs  the  oaiu«q,aence«  of  (be  general  wax  upon,  the  woods  in  that  ooastiy 
■■  ali9adjr  moai  duaatrou!t,  and  an  throatoninj^  hUII  more  ntinooa  erlhi^  The 
river  Volg&,  the  UCe  arter;  of  RuMlan  intemnl  oomineroe,  b  drying  up  from 
thia  oaoao,  and  the  great  MaROOTite  plAine  are  fast  admndng  to  a  deaolntioa 
Uke  that  of  Pocala.— /)«r  WaU,  p.  Sd8. 

The  level  of  the  (^wptan  Sea  is  aightj-three  feet  lower  than  that  of  the  Sea 
of  Af-fl,  and  the  auifiue  of  Lake  Aral  la  fast  sinking.  Von  Bacr  maintoina 
that  the  deprawion  of  the  Ca^aa  was  produced  hy  u.  Hudilcn  Foboidence, 
from  goologioal  ocuucii,  and  not  gnMlnolly  hj  cxcmw  of  evnpontion  ovnr  mtp- 
lAf.  See  KiujiiteAr  Studies,  p.  SS.  Bat  this  Babsulenoe  diminiabed  the  area 
and  oonaoqaootljr  the  oTopovatioo  of  that  aea,  and  tbs  rircta  whioh  oooe  moin- 
taini:d  its  andcnt  oiniHbriura  ought  to  baTe  raiaed  it  to  ibi  former  level,  if 
tbflic own  Bov  had noi  been  diniiniaheiL  It  ia,  Indeed,  natprored  that  the  laj* 
log  l«r«  of  a  wooded  oonntrj  dimlnlfihea  the  total  annual  predpitotion  upon 
te;  but  it  ta  certain  that  the  summer  d<!l[*ef7  of  water  from  the  aarfaoe  of  a 
ebampalga  region,  like  tlmt  Ihroogb  which  the  Volga,  it«  tributariea,  and  the 
foedan  of  Lake  Aral,  flow,  la  leaaeaed  by  the  remoral  of  ita  woods.  Heaoa, 
though  aa  much  rain  may  rtill  fall  In  the  valleys  of  thoee  rivera  a«  when  their 
vrtiole  Burbco  was  ooreced  with  forects,  more  motetue  najr  be  oairiod  off  hf 
evniMirution,  and  a  lea*  quantity  of  water  be  diacbarged  by  t  •-<  rimn  hom 
their  basins  wore  cleared,  and  therefore  the  preeeut  ooudition  of  tfae  Inland 
waten  in  qneatlon  nay  be  due  to  the  nmoral  of  tJw  ftmrti  In  tbeir  fn'icye 
and  tho  adjacent  {^oina. 


It  V  tra*  ^mk  pafa&e  fro- 

IWrtjr  it  bM  MwciSMa^  rtiyted  ia  use  UnSten  Steba ;  end 
«UKft^aMaMrf  of  aliaatf  evei;  naaof  iimUi«  ag*.  dmbcr 
«M  (^  M little  tifae  ia  the  ■wftuwial  Satm  Ait&eovik- 
«n  «€  pffiTste  wocMUaads  cabtained,  afawMt  giAuBt  oowphtitf, 
to«1at«««ild  bengarded  «bewiwiv  as  t«i7  Bg^rstitfed  trea- 
pMM»  BpoB  diCBL*  Fesvou  m  not  cf  tzodier  helped  ihetn- 
mIvw  to  it  wh/enrer  tbej  cMild  fixMl  it,  aad  a  claim  for  dam* 
age%  (ot  ■»  iasignificaat  a  vrac^  aft  cottiiig  down  aad  cairjii^  off 
a  fw  pme  or  oak  traea,  «a»  s«f;arded  as  a  mem  qiiritod  act  in 
a  pn/jinetiJtr.  The  habits  formed  at  thW  period  are  doC  allo- 
gecber  oU<Je(e,  and  eren  now  tbe  Dockiu  of  a  eoauano  righi  vi 
fnfftrtj  in  the  woods  itiU  Ik^eia,  if  not  as  an  c^rfnioa  at  least 
as  asenUmeat  Under  mch  circttmstsQcee  it  has  been  diDictilt 
to  proCeet  tbe  focwt,  whether  it  belong  to  tlie  State  or  t'l  inJi- 

'  JtMOcdtag  10  lb*  mtMJnm  <it  Bsf^ka  JtniifBtMlakce,  tlic  eanimon  btv  coa- 
ifaUof  r^aml  aiaUmu  wo  long««UHkbad  that  "  tb«  wuaaatjol  ium  nuuielli 
pot  to  Vb*  aonlwT."  la  adicT' wocda,  toof  autoB  malcaB  Uw.  InBewoonn- 
•dM,  Um  rtaaff»  of  otramMtaBoai  emlM  new  gQftwni^  Bad.  ia  tima,  new 
Inr,  wttkanl  th«  lid  of  l^^Miriwi  Bad  the  Amefieu  eolaolMi  obHned  ■ 
ner*  qisflaf  «iihuib7  fa  lb*  trMtwant  oC  Ibaiz  waoda,  ■  anr  oods  of  eaMOB- 
■rjr  (ntmt  bw  voold  1m««  ipmnf  ap  aad  acquired  tJu  faroa  of  a  atAtvte. 
Fopalar  babil  waa  fiMt  eUbontiag  ^*  fuadaiiMittal  pniuriplea  of  tmch  a  code, 
^Mb  liiQ  rsfiid  Iubwib  to  the  value  of  timber,  in  oaaMqaeofle  of  Uie  iBekleaa 
dsmtAtlon  of  th«  woodiaiida,  made  it  tbe  iiitcnat  of  tb«  proprtcton  t«  inter- 
fara  with  thla  indpfent  iijalBtii  of  foivst  jariaimuliiaDQ,  and  aiiiwal  to  tbaralaa 
a(  bf^iah  Law  for  tlw  prot>«cCioo  of  Ibeii  woods.  Th*  coarta  Itavo  Mutainad 
CfaxM  appeola,  am!  foraat  properly  is  now  Iq^jr  aa  tmiulabls  aa  an^  oUiar, 
Ikoiagfa  oommirii  (fpiaioa  itill  corabate  the  coorv*  of  jodieial  dsoUon  oo  noh 
qaoaUnua. 
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viUtmU.  Property  of  tliis  kiiij  ts  subject  to  plunder,  as  well  04 
to  frcqiieut  damage  b}*  fire.  The  dBStriictioii  from  theBO  caujbcs 
wfiuM,  iii(Ut;d,  LNjiisidernbly  Ice^n,  but  would  by  no  means 
whully  aiiniltilate  ibe  climatic  and  goograpbiuil  iufliicnce^  of 
tho  fttrest,  or  ruinou»l}'  dimiiiisL  ite  value  as  a  regular  source  of 
■apply  of  fuel  and  timbor. 

It  ifi  evidently  a  matter  of  tho  ntmoet  impoit&nco  that  llio 
public,  and  eepevially  land-owners,  be  roused  to  a  wneo  of  tUo 
dangers  to  wliieh  the  indiM-riminate  clearing  of  the  woo<U  may 
expose  not  only  future  ^nerations,  but  tho  very  soil  itself. 
Some  of  the  American  States,  b»  well  aa  tlie  Govennncuts  of 
many  European  colonics,  still  rt-tain  tlie  ownei'ship  of  great 
tracts  (if  priniitivo  wixjdiand.  The  State  of  New  York,  for  ex- 
ample,  bafl,  in  ita  nortli-ea^tem  counties,  a  raat  extent  of  terri- 
tory iu  which  tho  lumberman  Las  oidy  hero  and  there  eetab- 
lidhed  lii^  camp,  and  where  Uiu  forest,  though  intcrs^rsed  with 
[leniumcnt  settle meiita,  robbed  uf  some  of  Us  finest  pine  gnn'eo, 
and  often  ravaged  by  devaj^tatlrtg  fireit,  still  rovers  far  Uie  lar- 
gest proportion  of  tlie  burfacc.  Through  this  territory  tlie  soil 
U  guuoi'ully  poor,  and  even  the  new  clearings  hare  little  of  the 
I'.ixuriauco  uf  harvest  which  distiiiguishea  them  elsewhere. 
Tho  value  of  the  laud  for  agricultural  uses  ia  therefore  vei*y 
small,  and  few  purchiiees  arc  made  for  any  other  purpose  than 
to  strip  the  soil  of  its  tiniL>er.  It  has  been  often  pro^Kised  tJuU. 
the  State  should  declare  ihe  reinaining  forest  the  iuaUcnable 
pn»perty  of  the  coimnonwoallh,  but  I  believe  the  motive  of  the 
eu^y^tion  hat)  originated  rather  lii  jwctical  than  iu  economical 
viewft  of  tlie  snbject.  liotli  tlieso  classea  of  eonsiderationit  have 
a  real  worth.  It  is  dcairable  that  mme  lai^  and  easily  accofs- 
iblo  region  of  American  soil  should  remain,  as  far  as  poeaible, 
ill  it.H  primitive  condition,  at  once  a  muMjum  for  the  instruction 
of  the  student,  a  garden  for  tlie  recreation  of  the  lover  of  na- 
ture, and  an  asylum  where  indigenous  tree,  and  humble  plant 
that  lovea  tho  shade,  and  iieh  and  fowl  and  fuur-for^ted  bpit»r, 
may  dwell  and  perpetuate  their  kind,  in  tho  eDJo\-iuont  of  such 
im|H!rfeet  protection  as  the  laws  of  a  people  jealous  of  restraint 
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can  affunl  tlicm.  Tlic  iiniiiL'dmtc  luss  to  the  puUiu  (reaanry 
fixiin  the  adoption  of  this  pulicy  would  be  iiiuonfiuicrable,  for 
tl)p£0  Imidfi  are  eold  at  lu\\-  ratog.  The  forest  alone,  ei.H>n«imi- 
cally  managed,  would,  without  injun',  and  even  with  benefit  to 
its  )Tcniiancnc:G  and  growth,  boou  yield  a  regular  income  largeH 
tfijin  the  present  value  uf  the  fee. 

The  collatentl  advaiitntrCB  of  tlio  prosorvatinn  of  tlioso  foref^ts! 
woalil  bo  far  plater.  Nature  throw  up  those  monntains  and 
dutlied  them  with  lofty  woods,  that  they  nu'f^bt  serve  a^  a  reser- 
voir to  supply  with  perennial  waters  the  thousand  rivcnt  and 
rilis  that  are  fed  by  the  rahiB  and  snows  of  the  Adimndacks, 
and  as  a  screen  for  the  fertile  plains  of  the  central  enmities 
against  thi!;  cliilllnjj  bIa.-^Ls  of  the  north  wind,  which  meet  no 
other  barrier  in  thmr  fiwetjp  frt»in  the  Arctic:  pole.  The  cHinate 
of  Xoi-thern  New  Vork  even  now  pi-eaonta  greater  extremes  of 
temperature  than  that  of  Southcnt  France.  The  long-contin- 
uorl  cold  of  winter  is  more  inteiiM^,  tlio  sliort  heats  of  siinitner 
even  fiei-eer  than  in  I'rovciKre,  and  lienee  tho  preservation  of 
every  iitliuenee  that  tends  to  msihitaiu  an  equilibrium  of  tciupe- 
raturo  and  humidity  is  nf  caidinal  ira|>artanee.  The  felling  of 
the  Adiivndiick  wortds  would  nltiniatelj*  invulvc  for  Xorthcra 
and  Central  New  York  coiiBeqiiencGs  similar  to  those  whieh  have 
iwidled  from  the  la}  iug  bare  of  tlio  southern  and  westoni  de- 
elivitiea  of  the  Freneli  Alps  and  tho  spni-s,  ridges,  and  detaohed 
peaks  in  front  of  them. 

It  is  true  that  tho  evils  to  be  apprehended  from  the  clearing 
of  the  moniitahiH  of  Xew  Vork  may  be  less  in  degree  thau 
Uiofie  whieh  a  similar  eausc  has  produeed  in  Southern  Knuice, 
where  the  intensity  of  its  action  bus  been  luereASed  by  the 
inclinntiou  of  the  mountain  declivities,  and  by  tiie  jicculiar 
j»0(d^ical  constitution  of  the  earth.  The  degradation  of  the 
soil  is,  [KM'haps,  not  equally  promoted  by  a  combination  of  the 
same  eircunistanoes,  iu  any  of  the  American  Atlantic  States, 
but  still  tliey  liave  niptd  i^lopcs  and  l'.>o«c  and  friable  soila 
enoiigth  to  render  widciprcnd  desolation  certain,  if  the  further 
(lestrnetion  of  tho  wood:*  is  not  soon  arrested.    The  eflfi.M.-t«  of 
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clearing  are  already  |wrceptible  in  the  comparatively  nnvio- 
Iftted  region  of  which  I  am  speaking.  The  rivcre  which  mo 
in  it  flow  with  tliiiiiiiifthc'tl  ctirrcnts  in  dry  ftcutuits,  nixl  \(Hth 
angiiionted  volume*  t)f  water  after  heavy  raijis.  They  bring 
down  larger  qnantities  of  sediment,  and  the  increasing  ob- 
fitnictiontt  to  the  navigation  of  the  Ilndeon,  which  are  extend- 
ing Ihemsclvea  doivii  the  channel  iu  proiRirtion  as  the  fields  arc 
encroaching  upon  tlie  forest,  give  good  gnmiids  for  the  fear  of 
iiTcparable  injury  to  the  ct>mmeree  of  the  important  towns  on 
the  tipper  waters  of  tliat  river,  nnlesa  raea^ni-es  are  taken  to 
prevent  tlie  expansion  of  "  improvementa  "  which  have  already 
been  cnrrieil  beyond  the  demands  of  a  wise  economy. 

Ill  the  Eastern  United  States  the  general  character  of  tlie 
climate,  eoil,  and  siirfaco  is  snch,  that  for  the  formation  of  very 
dei»tractive  torrents  a  mnch  longer  time  is  required  than  wonld 
be  necessary  iu  the  raountainoos  pryviucea  of  Italy  or  of  France, 
Bnt  tlio  work  of  desolation  has  bt^n  even  there,  and  wher- 
ever a  rapid  nii>nntaiu-sIo]>c  has  l»een  stripped  of  wtxxl,  incipi- 
ent m^"iIICS  already  plough  the  surface,  and  collect  the  pre- 
cipitation iu  channels  which  threaten  serious  mischief  in  the 
fiilure.  There  is  a  peculiar  action  of  tlus  sort  on  the  sandy  snr- 
fnco  of  pine-forceila  utid  in  other  soils  that  miitc  readily  with 
water,  which  hus  excited  the  attention  of  geographers  and 
geologists.  Soils  of  the  firet  kind  are  found  in  all  the  Eaateni 
States ;  those  of  tlie  second  arc  more  frequent  in  the  exhausted 
comities  of  Maryland,  where  tobacco  is  cnltivated^  and  in  tlie 
tnoro  southern  territories  of  Georgia  and  Alabama.  In  these 
h>ca]ilies  the  ravines  which  appear  after  the  cutting  of  the  foreet, 
through  some  accidental  disturbance  of  the  siirfat:o,  or,  in  Mitne 
formations,  through  the  cracking  uf  the  soil  iu  conscqueiice  of 
grt^at  di-ought  or  heat,  enlarge  and  extend  tlicniselves  with  fear- 
ful rapidity. 

In  Georgia  and  in  Alabama,  Lyell  saw  "  the  be^nning  of  the 
formation  of  hundreds  of  valleys  in  places  where  the  primitive 
forest  had  been  peceutly  cut  down,"  One  of  these,  in  (icoi^'hi, 
in  a  aoil  compoeed  of  clay  and  sand  pp>duccd  by  tliu  deixtinp<H 
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sition  in  siiu  of  huniblcndtu  gneitis  with  layers  and  veins  of 
qtiartx,  "  and  which  did  not  exist  before  the  felling  of  tUe 
forest  twenty  years  previous,"  he  describes  as  more  tlian  55  feet 
ill  depth,  3(MJ  yards  iu  length,  and  fnini  20  to  ISO  feet  in 
breadth.  Oar  autlior  refers  to  other  eases  in  ttie  same  Statat, 
'•whore  tJie  cutting  down  of  the  ti-ecs,  which  had  prevented  the 
rain  from  tyilleetiiig  inUi  torrent*  and  vunniug  off  in  suddca 
h»iid-fl(>odH,ha8  given  rise  to  ravines  from  70  to  80  feet  deep."  * 
Siniilar  i-efeuUs  often  follow  in  the  North-eaatcni  States  from 
cutting  the  timlier  un  the  '*  pine  plains,"  where  the  soil  is  usually 
of  a  Bandy  compoEtitioa  and  louse  texture. 

Amerioan  JF&rest-TfecB. 

Tlie  remaining  forests  of  the  Norlheri]  States  and  of  Canada 
no  longer  boaet  the  mighty  pines  which  almost  rivalled  the 
gigantic  sc<pi<iia  and  rodwottd  of  California;  and  the  gnjwlli 
of  tlie  larger  fnresl-tree«  U  m  slow,  after  tliey  have  attained  tti 
a  certain  size,  that  if  every  pine  and  oak  were  Bparcsl  for  two 
centuries,  die  largest  now  standing  wouhl  not  rcaeh  the  stature 
of  hundreds  recorded  to  have  Iweu  cut  within  two  or  throe 
generations. t     Ih.  William.^,  wlio  wrote  about  sixty  years  ftg«t. 

*  Ltbu,,  PrineipUt  vf  Oeatoff]/,  lOth  ed.,  vol.  L,  ZVi-6. 

\  Tbe  Eruwth  of  tbo  white  pine,  on  b  good  woil  and  in  open  Bnood,  if 
nlhet  npid  ontil  it  leocheB  the  diameter  of  n  coapU  of  feet,  »ft«t  which  It 
in  muoh  rIowct.  Tbe  favorite  h»liitat  of  thta  treo  ia  li^ht:,  Buid;  o&rth.  On 
thU  BOil,  aad  id  k  dense  wood,  it  reqaitoB  a  oeatuiy  to  attain  tbe  diain<4er  of 
mjnfL  Kmoraon  ( yWffl  of  MatmtAtuftts,  p.  Oflj,  nay*  thai  a  pine  of  tltiR 
■peoiat,  DMtPnrii,  *'tbii^7ean  plantad,  iatAghijIaot  high,  with  a  diametAt 
of  three  faet."  Ha  also  itelea  that  Utn  whita  pinoa  p1itnto<]  at  Canibiitxti, 
UaanofaoMtte,  la  1800  or  1810,  exhibited,  in  the  winter  of  IMl  and  1S4S.  an 
areragvi  of  twuol^  inohcs  diamclor  at  tho  grxmod,  the  two  Inr^geet  ncaaarinic 
at  the  height  of  thr^e  feet,  four  foot  eight  tD<^M  iu  dKumfcnnctt  ;  and  he 
mentions  another  pine  growing  in  n  rocliy  iiWAni[>,  wbich,  nt  the  Qga  of  tliirty* 
two  yean.  '*gftTe  eeren  Xovt  in  circomferciMe  at  the  but.  with  &  height  of 
f-ixty-two  fmt  atx  inohea."  Thin  Ijittcr  1  Mippoao  to  lie  a  stMidlhig,  tbu  oUian 
tr-ttt'i>iitHM  traea,  wliioh  miglit  have  beea  aome  ;ears  old  when  pUtoed  wbaiv 
ihc7  Bn.-UIy  gTVW. 

Tbe  foUowtny  coae  cam*  under  mj  own  otoerration:  In  1824  a  pln«-trM, 
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et&tcs  tlio  folloKitif^  m  tlio  dhneueiom  of  *'6Uclt  trees  as  »i-u 
eatQemod  largo  ones  of  tbelr  kiud  iti  tlmt  port  of  Amenua*^ 
[Vennoiit],  qualifying  his  account  with  ilie  remark  Uial  hU 
iiicasnroiuuiit^  '*  do  uot  deuutu  tlu!  gruutest  whicli  nature  haa 
jipodticud  of  their  particular  bpecie^  but  tliu  greutuat  wliiub  are 
to  bo  found  in  most  of  ooi'  towns." 
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4 
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Ro  adds  a  note  aa^nng  tliat  a  white  pino  was  cut  In  Dun- 
stable, Ncn-  Ilainpshirc,  in  tlie  year  1730,  the  diainetur  of 
which  woB  eeven  feet  and  eight  inches.  Dr.  Dwigbi  »iva  that 
a  fallen  pino  in  Connoeticnt  was  found  to  mca«uro  t^o  hun- 


ao  ftnnll  thht  n  youni;  Iidj-.  with  thn  holp  of  a  Ul,  took  it  np  from  the  frpmid 
ftnd  oarrted  it  a  qnuter  of  a  niDo,  waa  i>laDt«d  Dear  a  butuc  iu  a  town  in 
Vennont.  H  was  occanionally  walcml,  bat  rMflirml  no  othor  Hpeeial  trrat- 
ment  I  mMmnid  thi«  tree  in  1860,  and  fotuMl  it,  nc  four  f«cl  frcMii  ItM 
gtoond,  and  antlself  abord  tlm  aiiread  uf  tlio  rootH,  two  te«l  ami  four  InuhM 
Id  diaiiwt«r.  A  new  mouraremQiit  In  1^1  gavA  a  dlam»t«r  of  two  foH  «li{bt 
tnobM,  bc'lng'  an  Inercamj  of  foar  Incbcv  in  «l9T0n  7«ani,  a  slower  nte  ihna 
that  of  preceding  fcazi.  It  oould  not  hare  b«en  mor«  tbaa  cluM  in^os 
tlnmi^  when  traiui)lant«d,  and  up  to  1S60  most;  haro  inonaMxl  Ha  lUanalor 
aft  ibt  rats  of  aboot  •imii<tentb«  of  aa  (noh  pax  7«ar,  almott  doabla  ih  later 
growth,     fn  1S7I  tbo  orowa  bad  a  dlaintttOT  of  S3  tool. 

In  the  aaine  neigh borhoAd.  diiui  cnuuplantod  iu  1803,  wh<ni  tii*^  vent  not 
•bon  thnn  or  four  inchea  through,  hvl  attabieil,  tn  IH?!,  a  diamvlnr  of  from 
Amv  fen  to  four  foot  two  inchsH,  with  a  spread  of  grown  of  fn>in  00  to  113 
feet.  Sugar-uaplM,  trauflplauted  in  1433.  at  about  tbo  aaaa  mm.  m«a«niri4 
tiro  bet  tliCM  inohea  throngh.  Tbb  growth  trndonbtedlr  oonddcmMjr  oz- 
oeedft  that  of  treea  of  the  Mnie  ufdm  in  the  natural  foreai,  though  tha 
transplanted  troM  bad  reoeired  no  other  fortiUciiig  apfilicalion  than  on  on- 
lituitod  supply  of  light  and  air. 
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dred  aiid  fortv-«even  feet  in  height,  and  adds:  "A  few  ^ears 
since,  eucb  trees  were  in  great  nunil»crs  along  the  northern 
parts  of  Conne*:ticiit  River."  In  another  letter,  he  speakft  of 
the  white  pine  a«  "  frequently  e\x  feet  in  diameter,  and  two 
hniidrcd  and  fifty  feet  in  height,"  and  states  that  a  jjino  had 
been  ent  in  Lancaster,  >'ew  Uampshirc,  which  measured  two 
hundred  and  sixty-fonr  feet.  Emercon  wrote  in  1S46:  "Fifty 
years  agfj,  aeverul  tix-es  growing  on  rather  dry  land  in  Bland- 
furd,  Massachusetts,  measured,  after  they  were  felltnl,  two  hun- 
dred and  twcnty-tlii-ce  feet"  All  these  tiees  are  6ni-passed  by 
a  pine  felled  at  Hanover,  New  HumpRhire,  abont  a  hundred 
years  ago,  and  described  as  measuring  two  hnndi-ed  and  seventy- 
four  feet*  These  descriptions,  it  will  be  noticed,  apply  to 
trees  cut  from  seventy  to  one  hundred  and  forty  yeare  tsince. 

PorsonB,  whom  ohserration  has  i-enderexl  familiar  with  the 
present  character  of  the  American  forest,  will  he  stnick  with 
the  BmaHnesB  of  the  diameter  which  Dr.  Williams  and  Dr. 
Dwis;ht  ascribe  to  trees  of  euch  extraordinarv  height.  Indi- 
vidnnls  of  thoi;c\'cral  Bpeciea  mentioned  in  Dr.  Williamfi^s  table 
are  now  hardly  to  he  foun<l  in  the  wimo  climate,  exceeding 
nne-half  or  at  most  two-thirds  of  the  height  which  he  asfiigiu 
to  them ;  but,  except  in  the  case  of  the  oalc  and  the  piiio,  the 
diameter  Btated  by  him  would  not  be  thought  very  extrai>rdi- 
iiary  iu  trees  of  far  le*a  height,  now  standing.  Even  in  the 
8|>ccte9  I  have  excepted,  th(»e  diameters,  with  half  the  heights 
of  Dr.  Williams,  might  pi;rhaps  he  panillcled  at  tlie  prc^nt 
time  ;  and  many  elms,  transplanted,  at  a  diameter  of  six  inches, 
wiiliin  the  memory  of  persons  still  living,  measure  four  and 
sometimes  even  five  feet  Ihrongh.  For  (!iis  change  in  the 
growth  of  forest^ti-ece  there  are  two  reasons:  the  one  itt,  that 
the  great  commercial  value  of  the  pine  and  the  oak  have  (TJtnscd 
the  deetructioc  of  all  tlie  best — that  is,  the  tallest  and  slraighl- 
est — specimens  of  lx»th;    the  other,  that  tho  thinning  of  the 

•  WiM.rAtia,  Ilutorffcf  Vtrmimt,  U.,pi  03.    Dwioht'B  TrattU,  It.,  p.  31, 
and  iii  ,  p.  as.     Kut^HWN,  7Wat  d/  JftuMcAiweUa,  p.  01.     Pakibb,   I^ft  vf 
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WiHtds  by  the  axe  of  the  lunihcnimii  him  Hlluwed  the  aouess  of 
light  and  lieat  and  air  to  trees  vt  humbler  worth  and  lower 
stature,  which  have  enrvived  thoir  more  towering  bi-uthren. 
These,  coDsequently,  have  been  able  to  expand  their  crowns 
and  swell  their  etcms  to  a  degree  not  pu4»ible  su  long  an  tJiey 
were  overshadowed  and  stifled  hy  the  lordly  oak  and  pine. 
While,  therefore,  the  New  England  forester  must  Bcm-ch  long 
before  ho  finds  a  pine 

fit  tn  be  tbo  mub 
Of  Mine  great  amialial, 

beccltcs  and  clmft  and  birehes,  as  sturdy  as  the  mightiest  of 
ihoir  pri^enitora,  are  gtill  no  rarity.* 

California  fortunately  still   proscrvcR    her    magniii<-ent  se- 
qnoias,  which  rise  to  the  height  of  Uiree  hundred  feet,  and 


*  The  foraat-tiooi  of  tbc  Northern  Statoi  do  notstlain  to  axtmoie  longsril^ 
In  the  dunso  woods.  Or.  AVilliamH  f<Miiul  tluil  nnno  of  Oie  hngo  ptnm.  the  agv 
of  which  fall  uceitaincd,  excwdt.ii  th:ee  buadittl  anil  fifty  or  four  boadnd 
jr«im,  thotqifh  he  qnotos  a  friend  who  thought  he  had  noticed  tcaee  cotuldpr- 
abljr  older.  The  oak  Uroi  laDt[«r  than  the  pine,  nnd  tha  bemlook-flfimo*  ia 
perhl^w  eqnidly  long  Ured,  A  tree  of  thia  lattur  species,  cot  within  my  knowN 
edge  is  a  thick  wood,  ootutt^d  four  handred.  and  dgbty-six.  or,  acoorditi^r  la 
another  oboarrer,  flvo  hnndnxl  nnnnnl  droles. 

Oraat  laxuriance  of  anlnul  and  T^«feab1o  prodaetion  is  not  eomaioDly  oo- 
eompanied  by  loi^  daratiou  of  the  indiriilual.  The  oldest  inea  are  tuit  fuiind 
In  tht  crowded  dt;  ;  and  la  the  tropioa.  where  lif«  in  ikrottiiD  aud  prccocioiii. 
it  la  aJao  ahort.  Tbs  laoat  andeni  fonet-trvcK  of  vrVivh  we  have  uxoujits 
have  not  bMD  those  gt<mtag  tn  think  woodn,  but  ImIakhI  specimens,  with  no 
tAller  n^ij^titior  to  intercept  ltit>  li|;ht  and  heat  and  air,  and  no  rirol  bo  share 
the  nutritoont  afforded  b;  the  kMI. 

The  motf.  rapid  growth  and  ^r^aicr  dimenidoDs  of  trees  atoDdli^  near  tbo 
bonndory  of  th«  famt,  am  matt^ni  of  familiar  ohaarration.  "  I<od^  cx^xtrl- 
eooe  baa  abown  that  trees  growing  on  Uw  ooofltKa  of  the  wood  may  bn  t'ut  at 
sixty  yean  of  Ofce  aa  advantiifteonaly  as  others  of  the  same  speciedi,  reared  in 
tho  depth  of  the  foreot,  at  a  baodrod  and  twenty.  We  haro  often  nunatked, 
in  onr  Alpi,  that  the  trunk  of  tron  apoo  the  bolder  of  a  grorv  is  moal  do- 
veloped  or  enlarged  npon  the  outer  or  op«n  aid*,  where  the  bianobos  exteod 
tiMtnwflTTis  Caitheafc,  while  the  oonwntrio  didea  of  growth  an  aioat  uniform 
ta  fcboM  entirdy  nmninded  by  other  tnea,  or  ttauduig  entirely  alone."— A. 
and  0.  ViLLa,  SmttOd  dei  B<mhi,  pp.  17,  11. 


fev 


«fll« 


»v 


«lifi7^» 


bam  tikoM  of  Eorope  by  As  TMdf  jricaler  TnieKrcf  fp«dn 
^My  eontafat.  Auudim-  to  Qbt^  tben  an  ia  "Fnoce  and 
in  OMit  parta  of  EHrope  radj  alnot  twmtr  fowrttreeg.  dve 
or  tix  of  iriudii  are  tfiQce-IeaTed  and  zeBznoBa^  die  nmaitvitr 
Immi4tm9wd.*'f   Owalkar,  ^nrwir,  ihwhlliM  mwrM  egptfm, 

(lBi^]w«eatlw«vid49^    ftii^^iliM inliii  firij 

ism  ipMwa  cc  KveaMiwa  as  UMud  ia  OflnBHiT,  Inrt  somo  oc 
dial*  *ra  mcr«  ibrnbe,  floma  arc  &nit  and  pnfvHj  garden 
tiCM,  and  Kune  otben  are  unl/  variebea  of  familiar  epeviee. 
TW  Tftlnable  BMnul  of  Pamde  deaeribes  aboot  the  mms  nmn- 
l>er,  iDcfodin^,  hoverer^  two  of  American  origin— the  loenet, 
Jifffnnia  pucvdttdicifi,  and  the  VTejinooth  or  white  pine,  I^inua 
gtrtjf/ttJt — and  the  cedar  of  Lebftnon  &0111  Asia,  wliich,  or  at 
Irmflt  a  very  ekme\y  allied  Sjieuies,  is  iudtgouons  in  Algeria 
alMf,    Wo  may  then  safelj  e&y  that  Enrape  does  not  pooees 

*  CallforaU  mnil  lUTfBdtr  to  AtutralU  tb*  g1o<7  of  powaMlBif  Dm  ' 
CrtM.  AcooHUag  Co  1>r.  IbeDer,  Dlrsatar  cFf  cbft  Ocrmamaat  Boteate  fl■^■ 
dM  H  UMbrnmi*,  a  JMumJiTif  vj.  aeu  Healesrille,  BMiond  490  feet  ii  M^bL 
XMot  Mxnnti  qwak  of  tn>H  at  tb«  nun*  apodM  fillj  000  tai  in  bdg^ 
K**  HJTH.KipFnf,  F<»r  /jtTwm  untt  WatA.  p.  81. 

If  w«  mftj-  rrnllt  IaUi  rfrporU,  thn  ST'^wUi  of  the  ramlypUui  i»  ito  rmpid  in 
('kllfitniln.  tliftt  the  child  !■  pcrhapi  new  born  who  Kill  m6  chft  taU««t  aeqaote 
OT«rtiip|iNl  I7  Uila  now  rcKftaMn  Bmlgmnt  from  Aiutnli^ 
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above  fort^'  or  fifty  native  treu«  of  Buch  economical  value  aa 
to  \*o  wurth  iJie  epocial  fare  of  the  forester,  while  the  oak  alone 
numbers  more  tLan  tliirty  eppfics  in  the  United  Slaten,*  and 
Bome  other  Xorth  iVmerican  geiiora  are  altnost  equally  diversi- 
fled.t 

*  For  full  catalo^M  of  Americui  fonMb-tncft,  aad  nmuuka  co  tlteiT  (eo- 
gz^ibioal  diatribotioiL.  consult  papers  oo  U16  mtbjeot  by  Di.  J.  G.  Cooper,  in 
th»  Report  of  the  Sinitbaonlan  IcntitaEim  for  18A8,  and  the  Report  of  tlie 
roit«d  States  Pataut  Offioe.  A|^iuultnn\]  Divimim.  for  IHOO. 

t  Althong:h  BpenMr*!  catiloigiie  of  trMi  oconra  in  the  flrrt  oaoto  of  the  finit 
book  of  the  "  Facr;  Qucetio  "■ — the  ooly  oanto  of  Uwl  exquisite  poem  actUAllf 
read  tqr  most  BtadcntA  of  Bdj^UrIi  literature — It  is  not  aa  gencraUy  fomiliai  an 
U>  make  th«  quoUatioa  of  it  altO){«tJiez  sopeiHaona : 

VII. 

■nruc*t  to  ^iku  mame  covsrt  rIkIi  •*  hud, 
A  laMtla  Km**  not  tmrr  i,m*f  iUtj  m^M, 
That  vftmAtt  ajdo  tba  Mmpnt  to  wWhstaad ; 
WIkhb  loftle  Utv,  jtIoiI  wldi  manmm  pfMe, 
DM  ^pmO  M>  lavxi/1,  ttiBt  hMTMa  Mfht  dM  hUa^ 
Vm  pHoMW*  iHth  pcnnv  «<  aajr  MMT : 
And  all  wltltln  woe  p«th«B  and  alldM  nUti, 
With  hNMliiR  iromr,  aoil  tiailnf  InwarA  (kir ; 
falnhM«oiirUuc  tkem  wena;  M  la  llMqr  enwnd  «r. 

Till. 

And  IkKirtli  tho;  paw.  wUb  ptawcio  ftawnd  Wd, 
JaflBit  to  baarc  Um  binlM  *<ra«B  tMrnunr. 
WUab  ibema  alttMidad  mm  tha  loi^iMa  A«d, 
BMwri  tn  tbeb  «■«  lu  muhm  Ctw  anail  Ay. 
llnch  mil  tJirj  ptnlm  tbn  inn  ai  itralght  aad  kj, 
Tlw  Mjllnit  pine :  U>«  (wtar  *ti>ut  aai  tall ; 
Tb«Tl)i»ptnpt>'-lni:  Uw  |ior*T  awwr  dry  ] 
Tba  bHlI<br  oako.  »!•  Idns  t>r  hn<ata  aU ; 
Zfaa sMdc good fcr KATM ;  iNii  ijiiiii^  faiwiB. 

IX. 

TtM  lannO,  »muI  of  mliTlitlB  cjuijiimww 

Aad  poMa  «wn ;  Ilia  lliTa  tlut  WHlHlk  alfltt 

Tba  wtlkiw,  watae  ct  hrkm  panMaan ; 

Dm  «a^.  obnBntt  Iw  <tw  bNidfra  wtn ; 

Tlw  Umb  tirr  (ttanB* :  Ue  tallow  for  tlw  nrfB ; 

ThavlrrlM  nvvbv htmlltif  In  llw  MNV  traiad( 

TliasariifeB  bcacti;  Uwaali  fDriMhltir  Qli 

Tba  baltfid)  oBm:  and  tte  plauaa  rawad : 

TIh  <amr  holaw ;  Out  w)|>le  aHdcw)  lawanl  Mond. 

Althooghtlie  nnmlicr  of  »p»im  of  American  fonwt-trecs  la  mach  hiiger 
than  of  EozoiK&n,  jtt  Uie  diatiofpuahabla  rcrietin  ar«  rdatiTelr  move  amiMr- 
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amr  pertvps  be  better  adapted  to  thU  porpcee  than  anj  of  the 
ptoei  ot  the  Xew  World,  and  it  is  c^  great  iraportancc  for  its 
tBrpeniiner  resit,  and  tar.  The  ^c^  or  oocniiKm  fir,  Alf'f^4 
jptoea,  AhU*  eteeUa^  Pioea  endtOj  ^Mindant  in  the  mouDtaius 
of  Fnwec  aitd  the  oootigooiiB  eonntiy,  is  tnown  ior  its  product, 
fin^ginDdjr  pitch,  and,  aa  it  floortthea  in  a  greater  variety  of  soil 
and  climate  than  almost  anj  otbo-  ^ke4eaved  tree,  it  might 
be  veil  worth  tran^lantatioo.*  The  cork  oak  haa  been  intro- 
dnoad  into  California  and  aoine  other  parts  of  the  Onited 
Btalaij  I  believoj  and  wonld  nndoabtedlj  thrive  in  the  Sou 
Mction  of  the  ETnioo.'f' 


*  This  Sr  b  remazlubla  for  ita  buwleDiCf  to  cicatme  or  heal  cnrer  iU  stnnpi^ 
a  twopwfty  vbieb  ft  poM««M  in  ooBnaon  with  some  ot^cz  Gn,  the  nMiitiBe 
pfaw,  Hid  the  Borapan  ludi.  WhB  tbaia  tw  gnnr  ia  thklc  xkump^  their 
roota  ue  afii  to  s&He  by  •  ipedas  oC  natnial  giwMsc  and  U  oaa  of  tbe«  be 
fcil«d.  DUl)lcn^;b  iU  cnm  |>ro|>«r  xootteto  die,  tb*  BtaiDf)  may  ogotlniM,  maimt 
Ximn%  for  A  ocaitaTy.  to  teoeEr*  aooiitfameot  from  the  mdtclM  of  th«  •ommad- 
log'  tre««.  and  •  don*  of  wood  aad  buk  of  eootidstBble  IMiiriiBM  bo  focmed 
onr  it  The  beftlinc  E«,  bovtrtr,  only  appftrent.  for  tbt  sotin  ctamp.  axeepl 
tbe  outidd*  tiag  of  •ninad  erowtb,  Moa  di«i^  aad  orao  dao^js  within  ita  eorci^ 
Iflff,  wftboBi  Mading  oat  new  dioo«k  Be*  JKmil^r  A|Mrt,  D<^MrUm*Ht  of 
J^/iaOtKrt,  for  Octciber,  1872w 

t  At  tfas  a^  of  tvdn  or  fiftoon  Toan.  the  oork-tno  U  stripped  of  ita  outer 
buk  for  tiu  fttsC  Ujho.  Thia  fint  j-ield  U  of  taf«rior  quality,  and  ia  atnplouicd 
for  float*  for  ncti  and  baojn,  or  bonit  for  UtaittiLodt.  After  tbu,  a  now  lajrar 
of  oork,  an  hich  or  an  ioch  and  a  qoaiter  In  thiclmei,  b  fonoad  aboat  onoaia 
ten  jeant,  ani  U  rc-noTMl  in  iatgt  aheeta  wUhoot  iajtur  to  Um  trea,  wliidl 
lirea  a  bntidr«d  and  llftj'  jaan  or  more.  Aceoidioy  l«  OlT^  (^  S$S>,  Ifaa 
animal  prodnot  of  a  fomvl  of  oork  oaks  ia  aloalated  at  aboot  6B0  kilogramDMS 
worth  160  (nmoB,  to  Ibo  btKtare,  whScfa,  d«dactiof  expeaaw,  le«T«a  a  pndt 
of  100  franca.  Tbfa  ia  aboot  equal  to  25U  ponod  weisbt,  and  ci^^it  doUaia 
profit  to  tli«  BQia.  Tbe  oork  oaks  of  the  natloaal  domain  in  Algeria  com 
aboat  500,000  aczca,  and  are  let  to  isdindoala  at  mtee  whiob  are  eipeetad, 
when  the  whole  fa  rented,  to  yt^ld  to  the  Mate  a  revcnae  of  about  99.000,0001 

Oaocga  Saod,  io  the  Uiibiin  d4  oM  V**,  iptaks  of  tha  oork-foiaala  ia 
Boathflcn  Pranoe  aa  among  the  moat  profitahle  of  raral  pwcwioaa.  uid  MaMi^ 
what  1  do  not  icmembex  to  hare  tmtn  noticed  ohwwhne,  that  Biuaia  is  tbe 
beat  onatomer  for  cork.  The  lar^-  nhoctii  taken  from  the  treea  are  alii  iate 
thin  {lUtofl,  and  oaed  to  line  the  wall*  of  apaitattota  In  that  cold  cttwata.  Ca 
tbe  oaltiratiuD  niul  Dianagement  of  tbe  eofk  oak,  aee  lyet  lacendtm  4t  Ai» 
avttun  du  rA«r<4»^,  in  JUw*  dA  Baia  «(  FvriU  toe  Februair,  1809. 
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In  the  wHliuit,  the  cbcstuiit,  Uio  cork  oak,  the  mulberry,  the 
olive,  the  omiifre.  the  lemon,  the  fl^,  an  J  tlio  ratiltiluilo  oi  other 
troofl  which,  by  Uieir  fruit,  or  hy  other  producte,  yield  an  annual 
revenne, nature  has  provided  Southern  Eurojte  with  a  imrtial  com- 
pcnBation  for  tlie  lues  of  the  native  forest.  It  is  true  that  tJicao 
trocR,  planted  as  luuet  of  them  are  at  sneh  diiilaiices  m  to  admit 
of  cultivation,  or  of  Uie  gmwtli  of  grass  oinong  tlicm,  are  but  an 
iiiftdwpato  snhfitituto  for  tlie  thick  and  ehady  wood  ;  hut  they 
perform  to  a  certain  extent  the  same  officee  of  ab^rption  and 
tnuiapirvtiou,  they  &]uule  the  sui-face  of  the  ;;^ui>d,  they  serve 
to  break  the  fort-c  of  the  wind,  and  on  many  a  etcep  declivity, 
many  a  bleak  and  l>arren  hillside,  the  chestnut  binrls  the  soil 
tof^tlter  with  ita  roots,  and  preveiita  tons  of  earth  and  gi-avcl 
from  washing  down  uiron  the  fields  and  the  gardens.  Friiit- 
trecs  are  not  wanting,  certainly,  north  of  the  Alps.  The  apple, 
the  pear,  and  the  prune  arc  imiKirtant  in  the  economy  both  of 
man  and  of  nature,  but  they  are  far  less  numerous  in  Switzerland 
and  Xoiilioni  Franco  than  are  the  trees  1  have  mentioned  in 
Southern  Europe,  both  bccan^  they  arc  iu  j^enerat  Icas  remu- 
nerative, and  bucauBe  the  climate,  in  hif^her  latitudea,  d<x's  not 
|»ermit  the  free  introdactiun  of  shade  trees  into  grounds  occu- 
pied for  agricultural  pui-jw»ieB.* 

*  Tha  mlant,  the  oheotnot,  tha  appla,  nod  Iba  psar  are  oornnun  to  tlie  bor* 
dttr  lMt«r«e&  tbe  ooaatriea  I  bare  mcationed,  bat  tbo  na^  of  the  olh«r  tiMi 
b  bounded  bj  tho  AIpn,  anj  by  &  woll-dcfinpd  uid  sluupljr  dnwn  tine  to  tJia 
w«rt  of  thOM  mountftina.  Prom  «ome  pocaliarity  in  the  aky  ot  Earope,  coltl* 
vatod  plontH  will  ttirive,  in  Nurthorn  Italy,  in  Soothazii  Ftawoe,  and  evan  ia 
Swrtawlapd,  under  a  depth  of  shade  wbem  00  orap.  not  even  praM,  worth 
liaiUHitiiiH,  woold  grow  in  Ihe  United  States  wiUi  an  eqoall;  hif^h  roramer 
toinpefntare.  Henoe  the  oalUvatJoa  of  aU  thema  tnM  la  praetic*bte  ia  Knrope 
Ut  a  i^rcfttcr  extent  than  woald  be  mtppoMd  icoondlaUa  with  tbo  iutertrnta  of 
B^riooltare.  Borne  idea  of  the  importoDoe  ot  tbe  oliTe  orcbarda  may  be  fonaed 
Croia  the  fact  thM  tiicity  aloue,  nn  jalaod  soaicel;  «xoeedlji(r  10,000  aiiuani 
milea  in  ana,  oC  whitsh  one-thinl  at  least  ia  abaolataly  bomo,  haa  exportetl  to 
tlu  dng^  port  of  Moncillca  more  thu  9.000,000  poonda  waight  of  oUre-oU  per 
year,  for  the  iaet  thirty  yeara. 

Aooordin^  to  Coaiino  RidcdS,  IjodmU  Omit,  toL  li.,  p.  !U0^  bt  a  CaTOrahlo  aoQ 
and  olimAle  tbe  arcrage  yield  of  oil  from  poorly  nianund  treea,  which  Dom- 
poae  the  greaA  mftjoti^,  ij  fdx  EngUeb  potuida,  whBe  with  the  beit  coltiratiOD  it 
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The  maltitode  of  spectcft,  tntermixed  as  they  are  in  their 
epoutaiieoiis  f^wth,  givee  the  American  forest  landscape  a 
variety  of  aspect  not  often  ecen  in  the  woods  of  Europe,  and 
t}ic  gorgeoiu  tints,  wliich  nature  repeats  from  the  dying  dolphia 
to  paint  the  falling  leaf  of  the  AmcricaD  maples,  oaks,  and  ash 
trees,  eintlie  the  hillsitlee  and  fringe  llie  wat«r-eoursee  with  a 
rainbow  splendor  of  foliage,  nusurpaseed  by  the  brightest 
groiipingB  of  the  tropical  flora.  It  must  be  confessed,  however, 
that  both  the  northern  and  the  Boutheni  declivities  of  Uk"  Alp* 
exliibit  a  nearer  approximation  to  this  rich  and  multifariims 
coloring  of  autumnal  vegetation  than  most  American  travollerft 
in  Enrri|io  are  willing  to  allow;  and,  besides,  the  Email  decidu- 
ons  shnibs  which  often  carpet  tiie  forest-glades  of  these  moan- 
taina  are  djed  with  a  ruddy  and  orange  gluw,  which,  in  the 
distant  landscape,  is  no  moan  substitute  for  the  scarlet  and 
crimson  and  gold  and  amber  of  the  transatlantic  woodland.* 

I  admit,  though  not  without  reluctance,  that  the  forest-trecB 


xises  to  tweot7<tiiTec  potrnds.  The  uuitibI  prodaotlon  of  olire-oil  m  the  wfaote 
of  Italy  u  oi;tiinat«l  nt  upurardii  of  BrtO,  000,000  poanda,  and  if  we  allour  tnralve 
pcnndfl  to  the  trc«,  wo  have  scmethiDg  more  than  70,000,000  trees.  Tlie  ml 
BUinbor  uf  t.rcoH  i^,  howcTer,  mnch  groator  Lban  this  oetiinata.  toi  in  TnaoBBf 
Md  nianjr  other  partn  of  Italj  the  avcra^  yield  of  oiU  per  tree  docs  DOt  czoeed 
two  poundfl,  and  there  are  maiiy  millioiu  of  jouag  tree*  not  yet  in  bemriag. 
ProbaMr  vn  nhiill  not  ezaggorate  If  ire  entlroate  the  oliv«  treoB  of  Italj  M 
100.000.000.  aticl  oa  there  an  about  a  hundred  trees  to  the  aero,  the  qnaotf^ 
of  land  derntmt  to  the  traltlvatjon  of  the  nllro  mnj  be  taken  at  a  nmion  aat^ 
Allbou][h  DUre-oQ  18  uaoh  lued  in  ooolcery  in  Italy,  lard  is  preferred  M  nan 
nntritioniL  Hnch  American  lard  U  exported  to  Sooth-eaatem  lUUj,  and  oUve- 
Otl  is  Imported  in  Tctnm. 

*  The  moat  goz^osH  natomnal  coloring  I  hnTe  ofamrrod  in  the  Tegetntton  of 
Europe  hiis  been  in  the  Tallcja  of  the  Darancc  and  its  tzibntoriea  in  Dattphiny. 
I  muKt  admit  that  neither  in  raricty  nor  in  purity  and  brillianey  of  tint,  doe* 
thia  oaloTing  fall  much.  If  at  alT,  A^inrt.  nf  that  of  thn  Xew  ISngland  wooda 
Bat  there  in  (hi«  difference  ;  iii  Dauphiuy,  it  im  only  ia  small  attmba  Uwt  ttia 
rich  palntin;;  is  seen,  whilo  in  North  Amerion  the  folJa^  of  \av^  troai  li  ^jmA 
in  fall  eplondor.  Hence  the  AmcTican  woodland  baa  fewer  broken  U^Ub  and 
more  of  what  painters  call  breadth  of  oolorinp.  Beridm  this,  the  BmagammA 
of  the  Icafiige  In  large  globular  or  conical  masses,  afftwda  a  wider  acalo  of  Qfbi 
and  ahade,  thiu  aiding  now  the  gradation  now  the  oontrast  of  tmta,  and  givca 
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of  Central  and  Southern  Europe  have  a  great  advantage  over 
our  u»u  hi  the  corroiipunding  latitudes,  in  deusity  uf  foliage  as 
well  aa  in  depth  of  color  and  peraiBtence  of  the  leaves  in 
decidnona  epecies.  Au  American,  who,  after  a  long  absence 
fnjin  the  United  States,  returns  in  the  full  height  uf  &utiiiiierj 
h  paiufuUy  Burprised  at  the  tliiuno^  and  poverty  of  tlic  leafage 
even  of  the  trees  which  he  had  habitnallj  regarded  as  specially 
umbrageona,  and  he  must  wait  for  the  aiituiuual  fruets  I>eforo 
he  can  recover  his  partiality  for  the  gloriee  of  his  native  woodii. 
Kono  of  our  north-ea^itern  evergreens  rcseinhle  the  unibi-ella 
pino  sufficiently  to  ho  a  fair  ohjoet  of  enmparison  unth  it.  A 
eedar,  very  common  above  the  llighiands  on  the  IludiMjn,  and 
elsewhere,  is  extremely  like  tltc  cypress,  straight,  slender,  Mrith 
erect,  conipreHsed  rami  ilea  tion,  and  feathered  to  tlie  ground,  bnt 
itti  foliage  is  neither  bo  dark  nor  so  deuRO,  the  treo  does  not 
attain  the  majestic  height  of  the  c)']>re68,  nor  hfl£  it  the  litbo 
flexihility  of  tliat  tree.*  In  mere  shape,  the  L<»mbardy  poplar 
nearly  rcsemhlcs  tiiis  latter,  but  it  id  almost  a  profanation  to 
eum^mrc  the  two,  especially  when  they  are  agitated  by  the 
wind ;   for  under  such   circumatances,  the  one  ia  tlic   most 

tho  American  October  loudBoapc  a  toftor  and  more  hariuomoaa  tuue  Uian 
mnrlu  Ihc  bumble  shmliberj  uf  the  fnnwt  hillaidei)  uf  Dnnphiiij. 

Tbotvau — wbQ  WW  not,  liks  Mm«  wrj  €>eithrnU*l  Undscnpe  critics  of  tho 
pi^wot  ilaf ,  RS  oubiido  Bpoctalor  of  the  ftolioa  *ud  i)ioduvl«  uf  luLani]  f  oioca, 
bnC,  in  lb*  old  r«li{rioQS  mcm.  mi  ob^tner  of  oixuiio  nsture,  ISvlc^,  mOT«  than 
almopt  OBJ  uthor  dcBoripUvD  vHtor,  unoug  had  with  b«r  rhUdreu— tiiw  a  TC17 
eloquent  pAper  oa  the  *' Autiimiul  TlntH"  of  the  New  England  ljutdMAp«.— 
S«o  hU  AmWMOM,  pp.  SIS  rt  ««9V. 

Fvw  nwn  have  penooalljr  notioed  m>  miuiy  fact«  In  natural  liiatoiy  aocMlIUt 
to  nrtimtngitift"  otMwrvatiuii  aa  Tbor«au,  luid  jet  be  bad  never  Men  that  rcry 
omnmoo  and  ktnkiiig  Rpcctade,  the  phaaphoreKencc  of  decaying  wood,  nntfl, 
in  tbv  taU«t  jeara  of  hii  Uf«.  it  CAogltt  hia  attention  in  a  birouao  intbv  forcata 
of  Maine.  He  seenu  to  bava  baen  more  oicited  b;  tbia  phonumenoa  than  bj 
ouy  other  dendbed  in  bia  works.  It  most  be  a  c^nihidon*  054  that  takes  in  all 
the  Tiaihlo  facta  In  tho  liistor;  of  the  most  famlLioc  naUual  object. — TAe  J/in'na 
If  cor^,  p.  184. 

*  Tba  oold  winter,  or  rather  spring',  of  1873  proved  fatal  to  manf  cjpnmtmaa 
weU  M  oUv«  t»ea  in  tbe  Val  d'Aino.  The  ofpreiw,  tberefote,  ooold  be  totro- 
duoed  D11I7  into  Califamia  and  our  SoatLwa  Stales. 
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While  the  American  forest  flora  has  made  large  contribu- 
tions to  thnt  of  Enrope,  comparativclj  few  European  trees  bare 
\tcon  naturalized  in  tlio  Unitod  States,  and  as  a  general  rule  the 
indigonons  trftes  of  EHPojte  do  not  succeed  well  in  our  eliinnte. 
The  European  monntainash — which  in  beautj,  dimensions,  and 
health  fulness  of  gjrowth  is  guperior  to  our  own  * — the  horse- 
chesinni,  and  the  abele^or  silver  poplar,  are  ^'alaable  additions 
to  iho  ornamental  trees  of  North  America.  The  Swiss  arvc  or 
zirbclkiofer,  Ptnus  cembra,  whieh  yields  a  well-fla\ored  odihto 
(teed  and  furnishes  exoellent  wood  for  carving,  the  nmbrella- 
]>ine,  t  which  also  bears  a  Feed  agree-able  to  the  taste,  and 
which,  from  the  color  of  its  foliage  and  the  heantifnl  form  of 
its  dome-like  crown,  is  among  the  mwt  elegant  of  trees,  the 
white  birch  of  Central  Eiimpc,  with  its  pendulous  bmnehea 
almost  rivalling  those  of  the  weeping  willow  in  length,  flexi- 
Itilitv,  and  gracefulness  of  fall,  and,  especially,  the  "  evpreese 
fuuerall,"  might  bo  introduced  Into  the  United  States  with 
great  advantage  to  the  landscape.  The  European  beech  and 
(hcelnut  fnnusli  timber  of  far  better  quality  than  that  <ti  their 
American  congeners.  Tlie  fruit  of  tlio  European  chGetom, 
though  inferior  to  the  American  in  sweetness  and   Havor,  is 


w»  va  the  Old  World,  ertn  in  the  caw  of  Uw  noi  gmeE&Uy  iceemnf  quriri 
eua.  Tilts  nmhipUcailaa  of  rsrietiM  It  do  doabt  a  revalt,  thooift  not  a 
funmm  orlatcndrd  ooe,  of  huiB&n  action;  for  Ihe  onliim7  opemUons  of 
Buropcu  tanit  MOBoaijr  McpoM  jnnif  tiMi  to  diStannt  oooJltJowi  bvoa 

UOBB  pnMBtn  Vf  BrtllHi  IBBQ  MV  OODuttlOM  (MMBM  IWV  IwilWL      mXk  BuW- 

paan  woods,  txoapt  la  tb*  maofe*  North,  tvm  U  not  tMhakaDy  ntUobl  Cor- 
wU,  Bo^BtfBBiDatvor  lowartiSeiftlehaaetarfrvm  ^im  gawmdag  hMaA^ mam^ 
■nd  lite  «lfeet  of  thin  falgrftwnee  U  amo  in  Uw  ooatfanl  dBvutkB  of  b«ca 
fron  the  oc^tml  tTpa.  Tfaa  hoUjr.  for  exam^de,  ercn  «4iai  gnwing  m  aba»> 
lately  wild  H  any  Creo  can  vnx  grow  in  ooaotnen  laoy  oocaiued  by  man,  pVD> 
dooiH  nnaMroa  f«r{«ti««,  and  %wratj  at  thirty  mch,  Bot  to  mcntioa  inlaiw 
madUU  ibfldaisue  ■leooribod  md  unwed  —  lacogmiaMr  diif erent.  ia  tiraakiM* 
on  Ibi)  romt-troM  of  Eorofc. 

*  la  tlw  yottbcRi  Tyrol  mavntain-ubn  UtMO  tncbco  tn  damWifT  m«  not 
BnoseBBoa.    The  berrts  an  diitOM  vHli  cnfai  to  fisTor  the  ipbiL 

t  Tb»  mooBtua  taogta  of  oar  astmav  Vc«l  pndnM  ft  ]dna  oioaitr  1 
tW  Banpeui  iiiiiliiilla  {im 
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lar^r,  and  U  an  irn[)ortant  article  of  diet  among  the  French 
iind  Italian  peasantrv.  Tho  walnut  of  £arope,  though  not 
equal  to  eomti  of  the  ^Vmericftn  species  in  beanty  of  growtli  or 
of  wood,  or  to  others  in  strength  and  elasticity  of  fibre,  is  valua- 
ble for  ita  timber  and  ita  oil.*  Tlio  maritino  pine,  whiirh  lias 
proved  of  such  immense  nee  in  fixing  drifting  sands  in  Fi-anco, 

*  Tfa«  WTvInitt  U  ■  more  vnlukble  in»  than  Is  gonernllj  irappoBcd.  It  j-irlds 
Oae-tlilid  of  Uie  oil  pnx1uc«>J  in  Frosce,  umI  in  this  ie^}«ot  oocupim  na  iuler> 
itin(li*ta  potikton  betweon  Uie  olire  of  tliemuth  mkI  thu  nl«agiiioiu  aeeds  of 
tho  oorth.  A  bectara  (abont  two  nnd  a  halt  acre*)  wt]I  prodsoft  nuti  to  tba 
viilun  of  fire  hundred  fraRoas  7<3Ar,  which  cottt  aoibing  but  the  gmtherin|f, 
Uiifortunatelr,  its  nutnntr  mntt  b«  lotiff  wait«d  for,  «□'!  more  aut-t»M  fer« 
failed  Uias  pluiied.  Tb«  demimd  for  it«  wood  in  <mbinet-work  ta  tho  prind- 
pal  catiM  of  ita  denraction.  8m  Lavbbqne,  Se^tiomU  Surak  dt  la  Franet, 
p.  2X1. 

Aocording  to  Ooaimo  BidtdB  (Ledoid  OraU,  ii..  p.  4M),  Fiance  obtain  thre4 
timcfi  aa  roach  oil  from  the  wattnit  u  from  the  (dive,  and  nenrl^  >a  much  m 
from  all  olencinona  aeeda  tofcther.  Ho  ttatoa  that  tho  wslnnt  be&rs  ntitA  at 
the  hgeottwttiijyMlM,  aadyieldH  Ita  maximum  prodnot  at  Hevooty,andthat  a 
hectare  of  sronnd,  with  thir^  treea,  or  tw«lre  to  the  acre,  is  eqnal  to  a  capital 
of  tw«tity-flv«  limiilred  fnutca. 

The  not  of  this  tr«e  Is  known  in  the  T7nlt«d  Btatfin  m  the  "  Bngllah  walnnt." 
The  Truit  and  the  wood  madi  rosemblo  thoie  uf  the  Anericoa  block  wmlnnt, 
J»ffiaR»  niffrA,  bnt  for  cahloet-work  the  Americnn  l«  the  more  beauttfol 
tuatarial,  eapedally  whm  thn  largn  kTiotn  are  omplnyml.  The  timber  of  tho 
Eorop«an  Bperiwt,  when  stratifht-ijTainw!,  and  dear,  or  free  fiomltuot«,  la,  for 
Ordlnaiy  porpoaea,  better  than  that  of  the  American  blauk  traluut,  but  boon 
no  oomporiaoa  with  the  wood  of  the  bfckorr,  when  atntngth  oomblned  with 
efautiRitr  ia  requiied.  and  ita  nut  is  ver^  Inferior  in  taste  to  that  ol  the  aba^- 
bark,  na  well  aa  to  the  bntteniat,  which  it  somewhat  reMnoUea 

"The  diestnotia  more  valuable  atill,  for  it  produces  on  a  sterile  B<nl,  which, 
withont  it,  woold  Tield  only  ferna  and  beatha,  an  abundant  nntrimeat  for 
man."— TAVRRnNE.  J&wnoffifo  ItvnUtdeUi  Franee.  p.  SAd. 

I  believe  the  varJetiee  developed  b7  ooltivation  arc  lem  nnmeroaa  In  the 
walotit  than  in  the  ofaestoat,  which  latter  tree  is  often  grafted  in  Soalheni 
Europe. 

The  ehestnat  crop  of  PrawM  iraa  estimated  in  1648  at  8,478.000  heotolitrea, 
or  R.^TT,SSO  WfauAoator  biuhela,  and  valnod  at  1S,S36,000  trams,  or  more  than 
two  million  oad  a  half  doUars.  (a  Toaeany  the  annual  yield  la  oompated  at 
aboat  ^'W.O00  buahcla. 

The  Tnaciin  peasants  think  the  floor  of  the  driwl  cheatnnt  not  lies  nntritiona 
than  Indian  commoal,  and  it  aoUa  at  tho  same  prioo,  or  about  three  cents  per 
EttfUah  pound,  in  the  moontahts,  and  foor  oeatt  in  the  towna 
23 
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mmy  pesiuqis  be  better  adapted  to  Uus  pnrpoee  Uun  vi  v  of  tha 
piiM>  of  the  New  World,  uid  it,  in  of  great  iiapottuice  for  its 
tnrpentine^  reaD^  aiid  tar.  The  ^picea,  or  oomtnoD  fir,  Abus 
piciytj  AbU*  rjoeim^  Ptcea  tspodtUj  abundant  in  the  mooDtains 
of  France  and  the  contigaons  conotry,  U  kriow-n  for  its  product^  { 
Bni^Ddy  pitch,  and,  as  it  flourishes  in  a  greater  variety  of  aUl 
and  cliiaate  than  almriet  any  other  epike-leavod  tree,  it  might 
be  well  worth  transplantation.*  The  cork  oak  has  been  intro- 
duced into  California  and  some  other  parts  of  the  United 
States,  I  liclicve,  and  would  undoubtedly  thrive  in  the  8oa( 
Bcetion  of  tJio  Union.f 


*  This  flz  ia  rvmariuble  for  its  tendau?  to  cicMru«  or  b«al  oror  ite  Hkum|M, 
ft  property  whi<>h  it  poweiwra  In  oammoD  with  lutme  othar  fin,  tib*  Duuitiiae 
piae,  and  tiie  £un)p««B  Urob.  When  tiuw  Uow  grow  la  thick  otmntM.  tEi<!tr 
note  an  spk  to  unite  bf  a  apacieB  of  aattiral  gnftiaff,  and  if  em*  of  thca  b« 
feUed.  although  iLs  own  pco^er  rootlet«  die.  the  rtomp  aiaj  ODUtianc,  aotae- 
tim^s  for  «  cantnrT-,  to  naeive  nooriahinent  tram  the  tadidea  of  the  ttnrroosd- 
lag  tre««,  and  a  dome  of  wood  aod  bark  of  oooaiderabto  thinlmnM  tw  fonnad 
orer  it.  The  healing  is,  bowisTer,  only  apparent,  for  the  entire  ■tontp.  *xo<|>C 
tin  outxklfl  ring  of  annoal  growth,  toon  dies,  and  eT«a  daoa^  nitlkia  ita  oorer- 
lag,  without  eendiog  ont  new  shoou.  Bee  JTmfAfir  Btpart,  JDtfmrtmtnl  vf 
JjtfiwKtcn^  for  October.  l^TT^ 

f  At  Mm  age  of  twelve  or  dfceen  years,  the  cork-tree  ia  stripped  of  ita  outer 
bark  (or  the  Scat  Umet  Tbia  flnt  yield  it  of  inferior  quali^.  and  ia  empltiyvd 
tor  Boota  (or  DCta  and  buoya,  or  bamt  for  lampbiack.  Afur  thta,  a  new  layer 
of  ooik,  an  inch  or  an  inch  and  a  quaztoc  ia  thjckncu.  ie  formed  about  oncatn 
ten  yeare,  and  ia  reiaoved  in  U/g«  tfaacta  vittioat  injury  to  the  bvo.  wUeh 
tiTFA  D  hundred  and  flftr  yean  or  mom.  According  to  OktTJ  (p.  &%d>,  th« 
annoal  prodact  of  a  foceec  of  oork  oaks  ia  calcolatod  at  about  6d0  kilognunmca, 
worth  IdO  fnuKs.  to  the  hectare,  idiich,  deducting  expeoMS,  loarta  a  pnA 
of  100  franca.  Thia  ia  about  eqoal  to  SoO  pound  weight,  and  eight  dollan 
profit  to  the  acre.  The  oock  oaks  of  the  antifmal  domain  In  Algeria  oover 
about  aOO,000  acooa,  and  ore  let  to  Indiriduala  at  ratee  which  are  tutpaotod, 
when  the  whole  fa  rented,  to  y(«ld  to  the  atate  a  rerenne  of  about  $3,000,0601 

Oaoige  Sand,  in  tlw  Jlittoin  da  mi  F!a,  apeaka  of  the  oork-fonato  ia 
Sontbem  FraDce  aa  among  the  moat  pmfltahlD  of  rural  poawiicna,  and  alaMa, 
what  I  do  not  moembw  to  have  aeeQ  notloed  elaewhere,  thai  Boaaia  ia  tlw 
beat  onatODior  for  eork.  Tlte  huge  aheeta  taken  ttom  the  tmae  are  alit  Into 
thin  platoA,  and  oacd  to  line  the  walla  of  apartmenU  in  that  oold  cUatata.  Oa 
the  oulUvation  and  nianagetnent  of  the  oork  oak.  bc«  Da  lactnitim  tt  dtJa 
eufturw  (ftf  Chtit4iig«t  ia  Jteuve  dea  Bawe  et  Foritt  for  Pcbruorjr,  1800. 
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In  the  valiiat.,  the  chctitutit,  the  cork  uak,  the  mulberrj,  the 
olive,  the  orange,  ihu  liiiiioti,  the  fip,  nnd  the  rauUitndc  of  other 
trees  which,  by  their  fruit,  or  bj  other  producle,  yield  an  aunu:il 
revenoe, nature  has  provided  Southern  Europe  witli  a  paitial  cora- 
peiiMtion  for  tlie  KxiB  of  tlio  native  foi-usl.  It  is  true  that  tlieite 
trccft,  planted  a&  nioet  nf  them  are  at  such  dibtancce  as  to  adiuit 
of  cultivation,  or  of  the  growth  of  grai»  among  them,  arc  butaii 
inadoipmte  euli^titutc  for  the  thiek  and  ahady  wood ;  hut  tliey 
perform  to  a  certain  exieut  the  ^ame  uQioefi  of  absorption  and 
transpiration,  they  shade  the  eiirface  of  the  groand,  they  serve 
to  bi^ak  the  force  of  the  wind,  and  on  many  a  sleep  declivity, 
many  a  bleak  and  barren  hiltt^Ide,  the  cbe&tnut  bindo  the  soil 
together  with  it«  roots,  and  prevents  tons  of  earth  and  gravel 
from  washing  down  upon  the  fields  and  the  gardens.  Frnit- 
treca  are  not  wauling,  certainly,  north  of  the  Alps.  Tlie  upple, 
the  pear,  and  the  prune  arc  important  in  tlie  economy  botli  of 
man  and  of  nature,  but  they  are  far  Ice*  numerous  in  Switzerland 
and  Northern  Franco  than  arc  the  trees  I  hare  mentioned  in 
Southern  Europe,  i>oth  because  they  are  in  general  Icsa  remu- 
nerative, and  becauH!  the  elimato,  in  higher  latitudes,  docs  not 
permit  the  free  inli-odnction  of  shade  trees  into  grounds  occu- 
pied for  agricultural  purjioses.* 

*  The  wmlnnt,  th«  oheatont,  the  nppln,  and  the  po&r  ani  oomtnon  to  the  bor- 
d«r  betwbBD  Um  oounUiw  I  have  mentioiKid,  bac  th«  mage  of  Ifati  other  Iroca 
is  boatuied  bj  the  Alpa,  and  by  a  wellKleSned  and  sharply  drKim  line  to  the 
wart  of  tboM  mouQUina.  From  Aome  pccnliarit^  io  the  tky  of  Eaio|>e,  onlti- 
valad  pteota  will  tbrire,  in  Northern  Italy,  in  Soathem  Fntnce,  and  eren  In 
SwitMslBid,  nnder  a.  depth  of  shado  wbero  no  oop,  not  ev«a  irtaia,  worth 
hftfT—ting,  wonld  grow  iu  tho  United  Htatcs  with  an  eqiiKllj  high  mmmcr 
tAmiMTatore.  ncaoi;  the  oaltaTOtioo  of  all  thas*  tnM  to  proolicabto  ia  Eaiopo 
to  A  greater  oxtonL  tJiau  woald  bo  Boppond  reooDoilabla  with  the  Interoats  of 
i^craltnrR.  Some  idea  of  the  Importance  of  the  olrve  OKhanis  ta^y  be  formeil 
from  the  fact  that  Skilf  aloue,  ao  ialaud  aoarcolf  azoitvdiug  ll),4(Msqaare 
tnOaa  in  area,  of  whidi  ooe-thinl  at  leaBl  i«  ahaohitelT  bozren,  baa  exported  to 
th«  aingle  pott  of  ManclUcs  more  than  3,000,000  fwonda  weight  of  oliTOH:rfl  per 
ysar,  for  the  last  thirtj  yean. 

Aooording  to  Codmo  RidotS,  ttttaid  OraU,  toL  it.,  p.  340,  in  a  favonbte  Mil 
•nd  olimate  the  nrenge  yield  of  oil  from  poorly  tnaamod  tr«co,  which  oom- 
poee  the  great  majority,  Ls  nix  Engliab  ponndi^  while  with  the  beat  ealtiTiUou  it 
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The  multitude  of  epecica,  intennixod  as  they  are  in  their 
Bpontaneous  growth,  gives  tho  AmcrirAn  foiiest  landscape  a 
variety  of  aspect  not  often  seen  in  tho  woods  of  Europe,  and 
the  Eforgeoiis  tints,  which  nature  repeats  from  the  dyinjj  dolphin 
to  paint  the  falling  leaf  of  tho  Amcncan  maples,  vaks,  and  ash 
trcee,  clothe  the  hillfiidtw  and  friii^  the  walor-eoiirses  with  a 
rainbow  splendor  of  foliage,  unsnrpasBed  by  the  brightest 
groupings  of  the  tropical  flora.  It  must  be  confessed,  however, 
that  both  the  northern  and  the  eonthem  declivities  of  tlie  Aljw 
exhibit  a  nearer  approximation  to  this  rich  and  multifarioas 
coloring  of  autumnal  vegetation  than  most  American  travollere 
ill  Eumjje  are  willing  to  allow;  and,  beMdos,  the  small  deeidn- 
0118  shrubs  which  often  carpet  tlie  foreat-gIade«  of  these  moan- 
tains  are  dyed  with  a  ruddy  and  orange  glow,  which,  in  the 
distant  landscape,  is  no  mean  substitute  for  tlie  scarlet  and 
crimson  and  gold  and  anibor  of  the  tranpatlaiitie  woodland.* 

I  admit,  though  not  without  reluctance,  that  the  forest-trees 


tUoi  to  tntm^'thne  poaDdf.  TIi«  muiuaI  prodacttoD  of  oIEvc-olt  ia  tlio  whole 
of  Itnt;  til  cM.inint^d  at  upTronlii  of  fCiO, 000,000  iiflnndR,  nnd  If  va  allon-  twelv« 
ponada  to  xhe  troe,  we  bare  ■omathlog  more  lltau  70.00l>,000  treet.  Ttte  real 
nmnbor  of  trcM  i»,  hon^srer,  mnoh  greater  than  this  eatbnate,  far  Id  Tascaof 
and  tnaojr  otbei  paru  of  Ital;  Ui«  artsr^fe  yield  of  oil  pet  tne  doea  not  exceed 
two  poondfl,  tmd  ihete  tun  taaaj  milUoiu  of  jronnj^  trct^a  cot  jet  in  bearing. 
Piobafaty  wc  shall  not  ezaggcrato  if  tvo  cstimiit«  tho  oUve  tT«c«  of  Italy  at 
100,000.000,  am]  m  tbere  an  about  a  hnndrcd  tresB  to  the  acre,  tfa«  quandty 
of  laiid  derotod  to  tho  ciiltiTatJon  of  th«  olive  mnj  ho  taken  at  a  raiUion  aorec 
Althon^  oliTtHoil  in  mucih  naed  in  oookcry  in  Italy,  tard  ia  profaiTod  aa  mora 
actdtiotsi.  Mnch  Amerlcao  lard  In  oxportod  to  Booth-«aatoni  Italy,  and  oliT«- 
oil  is  Imporced  in  retam. 

*  Tb«  mofft  fOtgwma  antmnnBl  coloring  T  bare  obMrved  ia  tho  Tf^tation  of 
Bnxope  baa  been  in  tho  TaUcys  of  the  Doiance  and  ite  tiibntaiiM  io  Danphlny. 
I  ntQKt  ndmit  that  ncitheT  in  variety  nor  in  pnrity  and  briUiaS'Cy  of  titiC,  dooi 
this  coloring  fall  mncb.  if  at  all,  short,  of  that  of  tbe  Sew  Bifland  wood«. 
Bnt  thero  i«  thi*  difference !  in  DAnpbiny,  it  is  only  in  amall  flhnib«  tbat  tU« 
rich  pointing  ia  aoon,  while  in  North  Anwrioa  tbs  folins*  of  largv  trcce  ia  dyed 
in  fnll  •plcndor.  Henco  thn  Amorican  woodland  him  (oirer  broken  lighta  «nd 
more  of  what  pninteni  call  breadth  of  coloring.  BeaJdea  Uiis^  the  arraogamont 
of  the  loafnge  En  liiige  globular  nrcnn[<«1  timasea.  afford* a  wider  soale  oriigbt 
aad  «had«,  thai  aiding  now  the  gradatioo  now  tho  oontrest  of  tint«,  and  givca 
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of  Central  niid  Southern  Europe  have  a  great  advantage  over 
our  ouTi  in  the  correajKmding  latitudes,  in  density  of  fuliage  aa 
well  as  in  depth  of  colur  and  persistunuo  of  the  leaves  in 
decidaouB  species.  An.  American,  who,  after  a  long  abBence 
from  iJio  Uiiitt'd  Stalos,  returns  iu  tlie  full  height  uf  giimiucri 
is  painfully  durpri^ed  at  the  thinness  and  povcrtyof  the  leafage 
even  of  the  trees  which  he  had  habitually  i-egarded  as  specially 
umbrageous,  and  lie  tiiugt  wait  fur  ilm  aiituiunid  fru&ts  before 
he  can  recover  his  partiality  for  the  glories  of  \m  native  woods. 
Kune  of  our  nurth-eabteru  evergreens  resemble  the  uiubrolla 
pine  suflicieutly  to  be  a  fair  object  of  comparison  with  it.  A 
cedar,  very  coiuraon  above  the  Highlands  on  the  Hudson,  and 
elsewhere,  is  extremely  like  the  cypress,  straight,  slender,  with 
citict,  (x>iuprciiscd  riuiiiflcalion,  and  feathered  to  the  gix>uud,  but 
its  foliage  itt  neither  so  dark  nor  so  dense,  the  troo  does  not 
attain  the  majestic  height  of  the  cypress,  nor  has  It  the  lithe 
flexibility  of  that  tree*  In  mere  shape,  tlio  Lombardy  poplar 
nearly  rejieiublca  thlii  latter,  but  it  U  ahnuttt  a  prufauutiuu  to 
compare  the  two,  especially  when  they  are  agitated  by  the 
wind ;   for  under  such  circumstances,  the  ouo  is  tlie  meet 


the  Ameiiotui  Octolwi  londacApe  •  Mftcr  and  moro  haimonloiu  t<m«  tliaa 
niArks  Out  hombln  shrabbory  of  tho  furoit  liilliidn  of  Diitipbmy. 

Thoiwn—vho  ww  not,  likfl  some  Tory  Aclcbntod  lutdiieapo  eritlca  of  tli6 
pmntit  di^r,  an  uiitiiida  Kpectator  of  tlie  actioa  und  products  of  aatunkl  toroea, 
Imt,  in  Out  old  f '.ligiooa  iten.<to,  an  olmertter  of  oT^anlo  UAtara,  iijing,  more  thui 
kJdkwI  aajr  other  descripbtve  writer,  ftinong  and  witti  her  cbil<lr6Q — bu  a  raiy 
eloquent  paper  on  the  "AaUnnnal  Tmta"  of  tbe  Now  Englaad  lamfaeapq  — 
Sm  bia  &peurtimi,  pp.  813  «f  »tgq. 

Few  men  hare  perTCoally  nottoed  eo  nan;  foota  in  natoml  bivtoty  acceariUv 
to  an*oiebtifto  obeeiration  aa  Tborean,  and  yet  ho  had  never  seen  tliat  rviy 
""""■ffff  and  flbiking  spectacle,  tbe  phnephoroacunoe  of  deasjinjr  wood,  nntil. 
In  Um  latter  jmui  of  his  liff>.  it  canght  his  attention  in  a  bivouac  in  the  forests 
ol  lf»<»*  Ha  aeenu  to  bbve  bfWD  mora  oxoittNl  bjr  tbia  phenomenon  Uun  bj 
any  other  described  in  hia  wo-ka.  It  mn»t  be  a  capnciooa  cjo  that  takoa  in  all 
the  visible  facte  in  the  history  of  the  most  Comiliai  natural  objeoL  —  TAt  Uatm 
WotxU,  p.  184 

*  Tbe  cold  winter,  or  zntber  spring-,  of  1672  proved  fatal  to  many  cypraaaos  aa 
well  aa  olive  trees  in  the  Val  d'Amoi.  The  eypreiis,  thenfcm,  ooold  be  Intro* 
duoed  mly  into  OaUfonaia  and  oar  Bootbem  States. 
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the  eardi,  and  form  any  proper  geographical  image  of  that 
oouiitr)'.  At  other  seasons,  not  high  walls  only,  hut  equally  im- 
pervious hedp?8,  and  now,  luihapjiily,  acacias  thickly  planted 
along  tho  railway  routes,  confine  tlio  view  80  completely,  that 
the  arch  of  a  tunnel,  or  a  nijiht-cap  over  the  tmveller'a  oyea,  is 
scarcely  a  more  effectnal  obstacle  to  the  graCitication  of  his 
curioaity.* 

2^s  Ibreai  doet  not  jfarnUh  Food  for  Jj/tzn. 

In  a  region  aI>soluteIy  covered  witli  trees,  human  life  conld 
not  long  be  sustained,  for  want  of  animal  and  ve^jetalilo  food. 
The  depths  of  the  foi-cgt  seldom  furnish  cither  bulb  or  fruit 
sui(cd  to  the  uouritthmcnt  of  man  ;  and  the  fowls  aitd  heasta  on 
which  he  foods  arc  scarcely  seen  except  upon  tlio  margin  of  the 
wood,  for  here  only  grow  tho  shruljs  and  grasses,  and  here  only 
arc  fonud  the  seedd  and  insects,  which  form  the  sustenance  of 
the  nou-camivoroufl  birds  and  qnadruped».t 


'  llodde*  this,  in  ucounUjr  itudiTUiiifiadinRarfiiceuItatjr.  -n-itbEhc exception 
of  the  champiiign  r<>gioa  ilndned  \if  tho  Po,  nmrv  nnv  fli'ld  nf  view  rcqairen 
eitlier  aa  extnoidinaij  tf^uji  tTott  ia  tho  «pocUitor,  or  it  Vm%  ntndj,  io  ortlur  to 
miuitCT  ilfl  relief,  it*  (duvi,  Ibi  Mlienb  and  retT«adng  •nglen.  In  mmnKir.  ex- 
oe]>t  of  «mnw  is  tlta  bu«  tnoaDtaltta,  the  aniv«ra«l  grMoeij  coofounda  ligltt 
■iid  shiHls,  dMimoe  and  f(»«groiind ;  nad  thmif:h  the  tinprcwiiou  upna  a  tnir- 
^er,  wbo  joomc;*  f ov  lb*  wJce  of  "  Mtuatiotw,''  dat  be  ■trcngthiMU'd  bjr  tJbe 
mynilorloDfl  annthilatian  of  aQ  standatda  for  the  mmurDrnmimt  of  space,  jet 
thw  jtuiicrior  iolelli^bilitj  of  th©  winMr  «cnory  of  Italy  is  more  proflubte  to 
thoHfl  who  nee  vlth  ■  view  to  uiaJfia. 

f  CUt4,  m  well  u  nuiny  earlier  writcra,  BiippoMs  that  primitiv's  nun  d»- 
rlvt^  hl«  nntarimeot  from  tfae  apontiuaeoua  prodaotioRn  af  t!ie  wood.  "Itifl 
to  th«  forofts,"  nja  be,  "  that  man  iraa  dm  indohted  for  the  meanfl  of  nib- 
rirtenoo.  Bcposad  slooe,  wlUunit  defenoe,  to  tho  rigor  of  the  aciMoiia,  as 
well  M  to  the  kttada  of  tudmali  atronjfer  and  swifter  than  bimnslf,  ho  fcmnd 
in  Uiem  bin  flrAt  nbelter,  drew  from  them  his  flrrt  woapons.  In  tho  fiist  period 
of  homanitr,  they  provided  for  all  bia  wants  :  they  ftimlabed  blm  wood  foe 
vrannth.  trultn  for  food,  garments  to  cover  bia  uakedn«M,  anas  flmr  hit  d** 
fence." — fXtSf*  Mur  r^eoRomie  Forati^,  p.  13, 

Ilal  the  hhitory  of  aavoffo  life,  as  for  aa  it  ia  known  to  ns,  pmwnta  man  io 
that  ooDdltfam  as  Inbabitine  osly  the  bordcn  of  the  tonM  and  the  opsa 
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Primitive  man  had  little  occasion  to  fell  trees  for  fnel,  or  for 
the  eomtnietioii  of  dwellinga,  boats,  and  the  implemeiklfi  of  bis 
rude  agriculture  and  handici-afts.  WiudfalU  would  furnish  a 
thin  population  with  a  siifBcient  supply  of  each  material,  and 
if  occasionally  a  growing  tree  was  cot,  the  injury  to  the  forest 
would  be  too  iiiHigtiifiuant  to  be  at  all  appreciable. 

Tlio  accidental  eAca].)e  and  spread  of  tire,  or,  possibly,  the 
combustioii  of  forests  by  lightning,  mnst  have  first  suggested 
the  advantages  to  be  derived  from  the  removal  of  too  abun- 
daut  and  extensive  woods,  and,  at  tliesaiite  time,  have  pointed 
out  a  means  by  which  a  large  tract  of  surface  <-ouId  i-eadily  be 
cleared  of  mnch  of  this  natural  iiieumbraneo.  As  soon  as  agri- 
culture had  commenced  at  all,  it  would  be  obsen'ed  tliat  the 
growth  of  cultivated  plants,  as  well  as  of  many  species  of  wild 
vegetatitin,  whs  purtiuiilarly  mpid  and  Uixuriuiit  un  soils  wbieli 
had  bccu  burned  over,  and  tbna  a  new  stimulus  would  be 
given  to  tbo  pi-octice  of  destroying  the  woods  by  fire,  as  a 
means  of  both  extending  the  open  grounds,  and  making  the 
acqnisition  of  a  yet  more  productive  soil.  After  a  few  har- 
vests had  uxhuusted  the  first  rank  fertility  of  the  virgin  mould, 
or  when  weeds  and  briers  and  the  sprouting  roots  of  the  trees 
hod  begun  to  choke  the  crops  of  the  half-eubdued  soil,  tlio 
ground  would  }te  abandoned  for  now  fields  won  fi-om  the  foreet 
by  the  same  mcaus,  and  the  deserted  plain  or  hillock  w^oiild 
»oon  clothe  itself  anew  witli  shrubs  and  trees,  to  be  again  sub* 
jcctcd  to  tho  same  destructive  process,  and  again  Burmndcred 
to  the  rtwttirativo  powers  of  vegetable  nature.*     This  rude 

*  Jn  manj  p«rt«  of  tbs  North  Amerioui  8t>t«a,  thm  Bat  whitii  mttlecB 
foond  ext€DBiv«  tnct*  of  thin  woodi,  of  •  my  p«rk-lilc«  ebuscter,  oallttd 
**  oak-opooingH,"  from  the  ]jniilutuuiuiicc  uf  diflereut  spvciw  of  that  Uoa  uyaa 
thorn.  Tbc*e  were  tho  «am) -artificial  ]»Bture-ffTotuid*  of  the  Iivliuu,  bniagfat 
into  thfti  Bbitfi,  and  so  ke[>t.  bj  parti&l  cldatiuff,  nud  \ty  the  Kunuol  baming  of 
thff  gnm.  The  object  at  tliU  operntion  was  to  attract  the  deer  to  the  fredi 
hertmse  which  si>rMiK  up  aft«r  the  Are.  The  o«ka  bore  tha  aaoaiU  MorahUig 
At  least  fur  a  certain  time ;  bob  if  it  had  bono  imlefiniU'lj'  ooDtinufiil,  thejr 
would  Tory  protjabljr  hare  been  de8tro7«d  at  laat.  The  •oil  would  have  thcQ  been 
mnch  in  tlic  prairie  oonditioa,  and  would  faarc  tin:dcd  nothing  but  ginAin^  fur 
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eeoiiomj'  would  be  oontinncd  for  geiicmttous,  and,  wasteful  as  it 
is,  16  6till  largely  pursued  in  Nortbern  Sweden,  Swcdisli  Lap- 
laud,  aud  scimetlmea  ovcu  in  Frauce  and  the  United  States.* 


Principal  Causes  of  the  Destruction  of  the  Forest, 

T]ie  neodfi  of  agriculture  are  the  most  familiar  caaee  of  the 
defttructioii  of  the  forest  in  new  conntrios ;  for  not  only  doea* 
an  incrcasiug  populatiun  demand  additional  aci-cft  to  grow  the 
vegetaMcs  which  fc&A  it  and  its  domestic  aiunm1»,  Imt  the  slov- 
enly hnebandry  of  the  border  settler  soon  exhansta  the  hiXHri- 
ancoof  hid  first  tields,  and  eonipeU  him  to  remove  hi^  household 
gods  to  a  fresher  soil.  Tlie  extent  of  cleared  ground  requii-ed, 
for  agricultural  use  depends  very  much  on  the  number  and 
kinds  of  the  cattle  bred.  Wo  luive  seen,  in  a  former  chapter, 
that,  in  the  United  States,  the  domestic  quadrupeds  auiount  to 
more  than  a  handred  nii]linnis  nr  nearly  three  limes  the  iinm- 
ber  of  the  human  population  of  the  Union,    In  many  of  tlio 

«  ioDg  mooesfiicm  of  yean  to  nuke  tho  reiiembluioe  perfoot.     Tbnt  the  kq- 
uhI  fii>M  aloa«  Qootutioaed  the  pecullu  obarooter  of   iht  oA-opKolngt,  Ii 
proved  by  the  fact  tiuU;  as  scmn  as  the  Indlaiu  hatl  luft  tlie  coantry,  yomtg^ 
tne*  of  nuuiy  cpeoiee  ipraug  up  luid  yretr  loxurinuUy  Dpoti  tbeua.     S««  ai< 
very  fnteroating  aooatmt  of  the  ook-opeaings  in  Dwiqeit's  2>ac<^  iv.,  ftp. 

*  The  pmctJcQ  of  burning  0T<>r  woodlanrl,  at  nnce  to  oloar  and  toonnro  tho 
ground.  U  oiled  in  Swrcduh  »r«yititdt.  m  partloipiol  notui  from  the  T«rt> 
att  nedja^  to  bnni  orer.  Though  naed  In  Bfredea  m  a  prepivration  for  crops 
of  ryo  oir  other  graiu,  it  is  em|>loy«4  Ln  Laptaod  more  freqQSDtly  to  BMure  an 
ahniubint  growth  of  postixnf  e,  iirhloh  foUowa  in  two  or  tJiree  years  &ft«r  tho 
fin ;  and  it  ia  •ometimes  »eort«d  to  u  u  mode  of  dririDic  the  Laplandc-tn  iu>d 
their  reindeer  from  the  rioinityaf  the  Bwedinh  baektroodsman's  {^^kBe-^ToODda 
and  hay-stooka,  to  which  they  Are  danj^rona  nelfbhora.  Tho  forest,  bdeed, 
rapidly  reooren  itaeif,  but  it  is  a  ^neratioa  or  more  before  the  nindoer-moMi 
grotn  afpln.  Wban  the  for«aG  oonMinte  of  pin«,  tatl,  the  groiind,  ixmtf^  ot 
beinfc  rflndenxl  fertile  by  ihia  prooeoH,  bccomea  bopelesaly  barrsn,  and  for  » 
long  tiioeaftertrardapKKluoeanotbiny  but woeda  and  briera. — T^^ftTAiiirH,  Oat 
Vj^odUnfar  i  Uipjnnarken,  p.  IS.  See  obo  ScainncBT,  Reta  i  Seeryt,  U.,  p. 
875. 

In  iiofne  parts  of  France  this  praottoa  la  bo  fsaeral  that  CUtA  aaya :  **  ttt 
th?  d^paitmcnt  of  Ardennes  it  {U  tari^wf^  ta  the  basb  of  agrlenltonk" 
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Weetern  States,  the  swine  snt>3ist  more  or  \e»a  on  acorns,  nnts, 
and  otbor  products  of  the  woods,  and  the  prairies,  or  imlurol 
mendon-9  of  the  Mississippi  vallcv,  yield  a  large  amount  of  f<K>d 
for  beast,  as  vrvW  us  for  man.  Witli  these  exwptions,  all  this 
vast  army  of  qiiadmpeda  is  fed  wholly  on  gra&B,  giuin,  [lulso, 
and  rootfl  grown  on  soil  reclaimed  from  the  forest  by  European 
settlers.  It  is  tme  that  the  Uesh  of  domestic  quadrupeds  en- 
ters verj  largely  into  the  aliiuent  of  the  Aincriean  people,  and 
gr-oatly  rodncea  the  quantity  of  vegetable  nutriment  wlntJi  lliey 
would  otherwiae  consume,  so  that  a  smaller  amonnt  of  agricul- 
tural prodnct  is  required  for  immediate  human  food,  and,  of 
eonrse,  a  smaller  extent  of  cleared  laud  is  needed  for  the  growiJi 
of  that  pruduct,  than  if  no  domestic  auLiimls  existed.  But  the 
flesh  of  tJi©  horse,  the  ass,  and  tlie  mule  is  not  consumed  hy 
man,  and  the  sheep  in  reajx^d  rather  for  its  fleece  than  fiir  food. 
Besides  this,  the  ground  required  to  produce  tiie  gi-a»H  and 
grain  consumed  in  roaring  and  fattening  a  grazing  quadruped, 
would  yield  a  far  lar;gcr  amount  of  nntriinent,  if  dcvolcd  to 
the  growing  of  breudstuffs,  than  is  funii!>htid  hy  his  fle^h  ;  and, 
upon  tlie  whole,  wlmtuvcr  advantages  may  be  rea]>ed  from  the 
breeding  of  domestic  cattle,  it  is  plain  tliat  the  cleared  land  de- 
voted to  their  sustenauce  in  the  originally  woo<lcd  part  of  the 
duited  States,  after  deducting  a  quuiiLity  sufficient  to  prxxjueo 
an  amount  of  aliment  equal  to  their  flesh,  still  greatly  ex<*eds 
that  cultivated  for  vegetables,  directly  consumed  by  the  people 
of  the  same  regions ;  or,  to  express  a  nearly  equivalent  idea  in 
other  words,  the  meadow  and  the  pasture,  taken  together,  much 
exceed  the  ploughland.* 

*  The  two  ideas  exprav^l  Id  ths  text  aie  not  exactly  aqturttJent,  beomin, 
though  the  conmimptioQ  ot  Animal  food  diminiabfl*  the  nmoTiiit  of  vcgo* 
telila  ftUmciit  required  for  hanuw  oaa,  ;«t  ths  koiinaU  UieluelTca  oomnnw 
•  ffi«ftt  (juiuititjr  of  ^aifl  anil  root«  grown  on  ground  plongfaod  ajid  oaltiral<-d 
M  n^uly  nod  a*  UbuiooAljr  m  maj  obbor. 

The  SW,000.000  buhcls  of  osta  mUad  in  ibn  United  Htabee  in  1870.  imd  fed 
t0  the  7,000,000  hocaee,  the  potatoee,  the  tunii|M,  ntid  the  muse  oinp)ojr<»d  la 
tUbmiog  the  oxen,  the  iheep,  and  tho  ewiue  Hlaniititored  tbe  Mune  yoar,  tx^ 
eupiul  MI  extent  of  grouitd  vhioh,  oulttYftled  by  hand-labor  and  with  CUaeeo 
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Govemaunts  ud  mUitMrj  commanders  bare  at  dsffera 
panada  delibcratelj  destivjcd  forests  bj  fire  or  the  axe,  bccmae 
Otej  aflcfftlcd  a  retreat  to  rubben,  oatlawa,  or  enemies,  aikd  this 
was  one  of  the  botitile  measnras  practued  hj  both  Julias  Cibst 
ajid  Uie  GanU  iu  the  Uuman  war  of  conquest  against  that  peo- 
ple. It  WAS  aUo  rosortod  tD  in  the  Mediterranean  prbvinees  of 
France,  then  luiwh  infested  bj  robben  and  deaerteia,  ma  late  «• 
the  rdgu  of  Napoleon  L,  and  is  said  to  have  been  employed  \>j 
the  earljr  American  colonists  iu  tlieir  extcrmiiialiog  wan  with 
tba  natire  Indians.* 

In  the  Middle  Aj^  as  well  as  in  earlier  and  later  centoriea, 
attempts  have  t>o«n  made  to  prutoet  the  woods  bj  Iaw,t  >s 

inAvArj  mad  Mhilt,  would  probmbty  have  praliiced  a  ({uantitj  ot  Tegvtsbiv 
food  •qnfti  In  sUmcntATj  pow«r  to  th«  ll<>«h  of  the  qnadrnpeds  kilted  for  dO' 
tuAiUc  IU*.  Hmum,  m  f at  u  the  aak«d  quMtjoD  of  amttuU  of  iJiment  Is 
oooocmod,  Uw  masdowK  Kod  the  paatanm  tniglit  u  well  h&va  renutiied  in  tba 
f<tr«al  ooBdHton.  It  taunt,  bawcTsr,  be  bonie  in  mind  that  uiimal  labor,  if 
not  a  fMOMnuy.  b  probabl}*  an  onnoniioal,  force  in  nifricaUtml  oocapaliona, 
sad  that  vltbout  uilinul  uianaio  maay  XianahAa  of  busbiuidi?  could  hardly 
be  oarrlod  oa  at  nil.  At  tlw  Batne  time,  the  tDtroducUon  of  maditoerjr  into 
rural  ioiluaUy,  muI  of  artifleial,  iniiieral,  aitd  fiuwil  nuuiureii,  in  wotluB|[  ifreftt 
nvolntioDa,  and  wa  m^  fltid  at  Mirae  future  day  that  the  ox  is  do  longer 
ninitij  SI  a  l)«t|>  to  the  farmer. 

*  yor  many  InaUuiana  of  thUeort.  wte  atAmr,  T,ea  ForlU  deta  ^iirb,pp.  S-S, 
aad  DRCqOEKKr..  Dta  Ctumtt.  etc,  pp,  301-303.  Iu  1004  the  awedee  made 
•a  lllOunduD  into  Jutland  aud  felled  a  coiiiodanUiIe  extent  of  fOMsL  After 
tlMiy  sallrsd,  s  Mirroy  of  the  dajna^e  woa  had,  aod  the  report  is  itUl  cxtaaU 
The  Qumber  of  traoaoutwufouudto  be  120,000,  and  u  Aoacoonnt  wan  takaa 
of  Ui*  numben  ot  MWb  ipedea  of  tm,  the  document  is  of  much  bitereet  In 
tbo  hiilory  of  the  fnrnet,  m  Hliowlng  the  TetotiTe  proporUoiu  between  tlie 
dlfferout  trona  which  at  that  time  oompoaed  Um  wood.  8m  VacFKLI^ 
Oigttu  ImltmuUing,  p.  8S.  and  Not**,  p.  JVS. 

f  BMBley,  quoting  Selden,  lit  J\tr*  IfnturaU,  lib^  Ti..aiid  Pafaridiu,  Ood. 
Amtditp.,  V.  T.,  i  K74,  toeuUuoB  a  nutewurtby  Hebrew  tfadition  of  unevrtain 
date,  btit  nnqueetionahly  very  ancient,  which  is  ono  of  the  oldast  proofs  of  a 
publlo  raa|ieet  for  the  wooda 

**  A  lli)bntw  tradition  attrftmtes  to  Joeboa  t«>i  statatea,  contalnhig  preolaa 
mgolatloiia  fbr  the  proleoUoB  nf  tlie  property  <>f  erery  tribe  ukI  ot  OTozy  head 
af  a  family  ivsinst  Imgnlar  depnMlations.  Small  qnodrnpeds  were  allowed  tik 
puluM  la  daaea  wooda,  not  in  ihin  ohm;  but  no  anbnal  ocnld  feed  in  aa^ 
(«nst  wMkOQit  tfaa  oootml  of  the  proprietor  ot  the  boU.     Ereiy  Uebrew  uu|[lU 
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neccssarj  for  the  breeding  of  deer,  wild  iKjars,  Riid  other  game, 
or  for  the  more  reasonable  purpose  of  fumisliing  a  supply  of 
hiiildiiig  timber  and  fuel  for  future  gouerationfl.  It  was 
reserved  for  more  advanced  agea  to  appreciate  the  geograpUieal 
imi>ortanRe  of  the  wootlft,  and  it  is  only  in  the  moat  recent 
timc«,  only  in  a  few  countries  of  Europe,  that  the  general 
defitniction  of  the  fonsts  has  been  recognized  as  the  moat 
potent  among  the  many  cansc^  of  the  physical  deterioration  of 
the  earth.* 

Soyal  Foree^  and  Oame  Laws. 

The  French  authors  I  have  quoted,  as  wcU  as  many  other 
writers  of  the  same  nation,  refer  to  the  French  Eevolntion  as  hav- 
ing given  a  new  impulse  to  destructive  causes  which  were  already 
threatening  the  total  extermination  of  the  woods-f  The  general 
crusade  againat  the  forests,  which  accompanied  that  imjM^rtant 
event,  is  to  be  ascribed,  in  a  considerable  degree,  to  political  re* 


ptek  Dp  f&Uon  bonghi  utd  twlga.  but  ww  not  periDitted  to  cnt  tbem.  Treea 
might  Iw  pnmod  for  tha  fcrlmmtngB,  with  the  asosptioD  of  ths  Dtire  ami  other 
init'tCMa,  and  TTOTided  Umi*  wm  soffioieiit  ahad*  ia  tbs  t>Uc«." — Lretura  on 
Vt* Sgtarji  of  Ote  JtntiA  OJmnk^  psrti.,  p.  S71. 

Alfred  Mnui7  montioiw  Berstal  prorUfooi  taJcMt  from  tho  Uwt  of  tbe  TodUo 
l^alator  Mann,  on  tbs  siuno  anbjoet. — Ijet  l^or/U  tU  ta  Oauts,  p.  B. 

TtM  \try  andent  TabiM  of  H«xacl«a  contoin  prorwioos  for  tlie  pioiectioa 
of  woods,  bat  wbotlier  thcwo  refoned  oolj  to  Bsared  srores,  io  pnbUc  fonala, 
or  to  IcftMd  UndH,  la  not  ol«ar, 

*  Wc  miut  pnrhApa  mslce  an  exception  In  favor  of  the  Empemr  CombuitiBa^ 
vlio  ooTnmane«d  the  numniflcent  Miiea  of  &qu«(lnobi  utd  cijrt«mK  wbidi  atUl 
anpplr  CoTiKtantinopIfi  with  wat<rr,  tad  ecactAd  atsict  Uwn forth*  pmt«ftCi«of 
tbft  foTOet  of  Itt-lrrKde.  ia  whiofa  rise  the  aptiiiBa  that  feed  tiia  ■qnedncta.  8m 
an  artiele  bjr  lilr  H.  A.  Horavs  on  tbe  fToCer-AifiPp^  of  Conatantinaptt  in  Ibo 
A^njf  Argm  of  June  6,  1873. 

f  ReHgfoiu  Intolemnoo  hod  prodnosd  Bimflsr  etterUm  in  Franoo  at  an  eariler 
pariod.  "  Tli«  r«TooatioD  of  th«  edict  of  Nantea  and  tlie  drafronnadoH  ooca- 
rioaed  the  aale  of  tbe  f  orMCa  of  tha  unhapi^  ProteMnafai,  who  Mod  to  wek  la 
foreifcn  lasda  Uie  libeit7  of  ooDacdano*  wUcU  wna  refuaed  to  tb«m  In  Pratiotb 
Tba  Coreata  wera  aeon  felled  by  the  pnrchu^n,  and  the  aotl  Id  part  broajlit 
voder  onltiTaUaD.''—DECi)irEReL,  Dea  CiimaU,  etc,  p.  803. 
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wiitnitintjt.  Tliu  forcet  ctAw  of  tlie  meUiiuval  kiugs,  and  the  locsl 
**  coufumoB  "  cf  feiiduliBiu,  coiitainod  many  Kvcre  and  evou  in- 
liiinian  provisions,  arlopUrd  mtlior  for  tlio  pre$orvat!ott  of  game 
tiuui  fnim  any  cnlightoucd  views  of  tho  more  important  func- 
tions of  the  wooda.  0]*derJci»  Yitalis  infoiim  us  that  Wtlliam 
tlio  CVjiiquoi-or  destroyed  sixty  parishes  aud  drove  out  their  in- 
hutiilaiiti^,  ill  orilcr  iJiat  ho  might  tiini  their  luuds  tutu  a  forest,* 
to  Iif  rcB<;r%'od  as  a  Imnting-groiind  for  himself  and  his  posterity, 
and  ho  pniiiAlied  witli  death  the  killing  of  a  deer,  wild  boor,  or 
oven  a  liare.  His  sueeesgor,  William  KufuB,  according  to  the 
I/ixtoirv  den  D  u«t  de  NomtandU  et  dea  lioie  d'A  n4jUterre^  p.  67, 
"  wn*  hiintiiiff  one  day  in  a  new  forest,  which  he  had  caused  to  Ire 
niado  out  uf  eiglitccn  parishfB  that  he  had  deetroyc*],  wlion,  by 
niiHtrhancc,  ho  was  ItilEed  by  an  arrow  wherewith  Tyrous  do 
Itoig  [Sir  Walter  Tyreil]  thought  to  slay  a  beast,  Imt  miesofi 
tlio  hcaat,  aud  elow  the  kinj;,  who  was  beyond  it  And  in 
this  vury  same  foi-o&t,  his  brother  Kiebard  ran  ko  bard  against 
n  tr(^e  tliat  he  died  of  it.  And  men  commonly  said  Uiat  tbe-se 
tbiiigfl  wore  because  tliey  liad  bo  laid  waste  aud  taken  llio  said 
pariKhos." 

These  barbarous  aets,  as  Bouncmdre  obsQrves,t  were  Bimply 
the  transfer  of  the  cnstoms  of  the  Frouch  kings,  of  their  va^sala, 
and  even  of  inforior  gentlemen,  to  coufpiorod  England.    '*  The 


*  Tfa*  Aniarictn  nadar  mtub  bs  leminded  Uut:,  in  th«  Uapuc«  of  the  duta 
iomI  of  tho  EnglUli  Uw,  a  "ftwMfc"  ia  not  peowiwuily  a  wood.  A117  \uTgm 
nitviil  uf  (Tuttuil,  witlutniwu  from  oultiretioiL,  reMrr«d  for  tlu  plaaaaras  of 
tb»  ohua,  aad  allowed  to  elothe  itself  with  ■  spontaneoaa  growth,  aerrfa^  u 
*kat  (•  UmhntofcUy  <MUl«d  "  ooT«r  "  tot  wild  anim&U,  ia,  in  the  dial*cte  1  havo 
BHttMoiwd,  a  torwl,  Wh«a,th«nifom,  the  Norman  kings  nfforaatod  the  Kioondt 
nfacnd  lo  In  lb*  tost,  it  to  not  to  be  8a^>oe»d  that  tb«f  planted  then  with 
ftnea,  thuofb  Lbe  prateotioa  affonI<id  to  then^bjthegamalaws  woaId,if  oattl« 
bad  b««n  kepi  out,  aooa  have  cooTetted  them  Into  real  wooda. 

t  Hitiodn  Om  /Vywiae.  U.,  p.  IBO.  The  wotk  of  BooDemAro  {a  of  great 
t0  thoaa  wbo  tindj  th«  blatoiT  of  uedlwal  Eorope  from  a  deaiia  to  know 
nal  ohataataTf  and  not  iatha  ho|M  af  finding  appareut  facte  toautain  a  fai 
■ul  Aaagarow  thaocj.    Boonananiaoaeirfthefewwritan  who.Uka  Sfi 
let,  have  ba«i  booeai  eaougfa  and  bold  ODeogh  to  apeak  the  truth  with 
to  the  relatlooa  betweon  the  cfaordi  and  the  people  in  the  Middle  Agea. 
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death  of  a  Imvo,"  says  oar  anthor, '' wfts  a  banging  iiintter,  Uio 
mnrder  of  a  plover  a  capital  crime.  Death  wh&  inilictcd  ou 
thoee  who  spread  nets  for  pigeons;  wretches  who  had  dravn 
B  bow  u[K>ii  a  t>tag  were  to  be  tied  to  tlie  tuiimal  alive ;  and 
among  tlio  seigiiiui'S  it  was  a  standing  excuse  for  having  killed 
gaino  on  forbidden  ground,  tlint  tbcy  aimed  at  a  serf."  The 
feudal  lords  enforced  these  codes  with  nnrelenting  rigor,  and 
not  nnfrcqncntly  took  the  law  into  tlieir  own  hands.  In  the 
time  of  Louis  IX.,  according  to  William  of  Nangis,  "  tlirco 
noble  children,  burn  in  Flandons  who  were  snjimruiiig  at  Uio 
abbey  of  St  Nicholas  in  &e  *W"(«jd,  to  learn  the  speech  of 
Frauite,  went  out  into  the  forest  of  the  abbey,  with  tliL-ir  l>ow8 
and  iron-headed  arrows,  to  disport  them  iu  shooting  haree, 
chased  the  game,  which  they  had  started  in  the  wood  of  the 
abbey,  into  the  forest  of  Engiierrand,  lord  of  CnKV,  and  were 
taken  by  the  sergeants  wlii(;h  kept  ibc  wood.  When  tlif  fell 
and  pitiless  Sir  Knguerrand  knew  this,  be  had  tlit;  children 
■traigbtway  hanged  without  any  manner  of  trial."  *  The  mat- 
ter being  brought  to  the  notice  of  gixid  King  I^iiis,  Sir  En- 
gocrnuid  was  summoned  to  appear,  and,  finally,  after  many 
&adal  shifts  and  dilatory  pleas,  brought  to  trial  before  Lt^uis 
himself  and  a  s^icclal  council.  Xotwithstandiug  the  op]>oflition 
of  tlie  other  seigniors,  who,  it  is  noedless  to  say,  spared  no 
efforts  to  save  a  peer,  probably  not  a  greater  criuiinal  than 
themselves,  the  king  was  much  inclined  to  inflict  the  punish- 
ment of  death  on  the  proud  baron.  "  If  he  believed  "  said  he, 
*'  that  our  Lord  would  be  as  well  content  witli  hanging  as  with 
pardoning,  he  would  bang  Sir  Knguerrand  in  spite  of  all  Ids 
hunms;"  but  noble  and  clerical  interests  mifurtunatoly  pre- 
vailed. Tlie  king  was  pennaded  to  inflict  a  milder  retribution, 
and  the  murderer  was  condemned  to  pay  ten  thousand  litres  in 
coin,  aud  to  "build  for  the  souls  of  the  three  cliildrcn  two 


*  li  is  pcinfol  to  ftdd  that  »  nmllu  oatn^  wu  peipatfmtod  m  rm^  few 
yeani  ago,  iu  one  of  the  Kuiopean  itatM,  bj  ft  prino*  of  a  taxaiif  bow  dt- 
throood.  In  this  caao,  howwer,  tha  piiuoe  killed  tbo  tmapMaw  wlLli  tun  own 
biukd,  hk  Mig«aalB  reftuiug  to  «xeout«  hi*  aumdate. 
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chapels  wherein  mass  Bliould  be  said  every  day,"  *  The  hope 
of  Bhorteuiug  the  purgatorial  term  of  the  young  persons,  by  the 
religiuiis  rites  to  be  celebrated  in  the  chapels,  was  doubtless 
the  consideration  which  ojierated  most  powerfully  on  the  mind 
of  the  king ;  and  Europe  lost  a  great  example  for  the  sake  of 
a  inaaa. 

Tlie  desolation  and  depopulation,  resulting  from  the  exten- 
sion of  the  forest  and  tlie  enforcement  of  the  game  lawB,  ir 
duced  several  of  tire  French  kings  to  consent  to  some  relaxation 
of  the  fieverity  of  these  latter.  Francis  I.,  however,  revived 
their  barbarotia  provisions,  and,  according  to  B(-)nneni6re,  oven 
60  good  a  monarch  as  Henry  IV.  ronsuacted  them,  and  "  signed 
the  sentence  of  dcotlt  upon  peasants  guilty  of  having  defended 
their  fields  against  devastation  by  wild  beasts."  "  A  fine  of 
twenty  H^tos,"  he  onntinno-s,  "was  impnscd  on  ovory  one  shoot- 
ing at  pigoons.,  which,  at  that  tiine,Bwoopod  down  by  thoosands 
upon  the  new-sown  fields  and  devoured  the  seod.  But  let  ns 
count  even  tlits  a  progress,  ft>r  we  have  seen  tliattlie  murder  o£ 
a  pigeon  had  been  a  capitid  crime."  f 

Not  only  were  the  sliglitest  tresi>a8sefl  on  the  forest  domain — 
the  cntting  of  an  oxgoad,  for  instance — aeverely  puniBhod,  but 
game  animals  were  atill  sacred  when  they  had  wandered  fcvim 

*GuiLi>AiiUR  DB  NAKniB,  US  quoted  in  tho  notea  lOirniNvn.i.E,  JVaksA 
CcUeetion  dea  Xbnoirtt,  «b&,  par  Micbaod  «t  Poujoubt,  loemJ^  a^iiA,  L,  p. 
S85. 

Pontons  BOqua>Dt«d  with  Ui«  characMr  and  influeaM  of  tb«  modibeml  <teq7 
viU  hardl;  neod  to  be  ioformed  that  tho  t«n  thoomnd  lirrea  sBver  fooiid 
Uiuir  vtkj  to  lh«  rojnl  exclie<iuer.  It  waa  eony  to  prove  to  th«  ninpltt-muidnd 
king  that,  lui  the  profits  Ot  tin  wen  &  nonopolj  of  ilie  chnroh,  h«  ooght  not 
to  derive  ndvantatpa  (doib  tbe  oommiwiion  of  a  crime  hy  one  of  hli  mbjttota; 
and  tltf.  prietAa  wen  canninf;  enough  hotli  to  iteoare  to  themaelTea  the  amount 
of  the  fine,  and  to  extort  from  IiOabi  hufce  addlUoooI  granti  to  carry  oat  tb* 
purpOM*  to  which  tbcj  devoted  tb«  ronnoj.  "  And  thot^h  the  king  dbl  take 
tli«  moaera,"  aaya  tiie  chroniclor,  "he  pat  them  not  into  hia  trcamrjr,  \mk 
tnrnnd  thoiii  into  good  vorka ;  for  he  buildod  therewith  the  maiflon-Dien  of 
Fontoiw,  and  endoired  lh«  Bain«  vrith  rents  and  landii ;  alto  tbaadioolt  and 
Uie  doimita>7  of  tho  foiarB  pnuohere  of  Faria,  and  the  moaaatarf  of  the 
SUoorUa  ftiasa" 

f  J/iitairt  da  Pajftaaa,  U.,  p.  30O. 
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their  native  precincts  and  were  ravaging  the  fields  of  the 
pesiftantry.  A  herd  of  deer  or  of  wild  boars  often  cousumed  or 
trod  down  A  har^-est  of  trmin,  tlie  sole  hope  of  the  year  for  a 
whole  family  ;  and  the  eimple  drivinj;;  out  of  such  animals  frtjm 
this  costly  pasturape  brought  dire  vongeanc*  on  the  head  of  the 
ruBtic,  who  had  endeavored  to  8a%e  Iiis  children's  bread  fivni 
thoir  voracity.  "  At  all  times,"  says  Piivil  Ixmis  Courier,  speak- 
ing in  the  name  of  the  jicafiantfi  of  Chanibord,  in  the  "  Simple 
Disconr?,'*  "  the  game  baa  made  war  npon  us.  Paris  waa  block- 
aded cipht  hondrtd  ycare  by  iho  deer,  and  ita  environs,  now  so 
rich,  so  fertile,  did  not  yield  bread  enougli  to  support  the  gara«- 
keepers,"  *    The  Tiers  filat  declarefl,  in  1789,  "  the  mo«t  ter- 

*  The  ttHiowing  <lfitAiIa  fn>ni  ItonDCra^  wiit  mmt  to  giro  ft  mor«  oonpleta 
idM  of  tbe  r«xnt)on»  niid  irrit;ittng  rntnre  of  the  game  Inn  of  Prance.  Thtt 
oflioen  of  tii»  otaiMi  went  ko  fur  na  to  foH^id  thu  palling  np  of  thutUn  and 
v«*ct«,  or  th«  mowing  of  tatj  nnencloscd  gronnd  before  Bt  John'*  day  (Mih 
Jtm*),  in  order  that  tho  oaf  of  gmme  binls  might  not  be  disturbed.  It 
wunDUiwfn]  to  f«nco-in  anj  grounds  tn  ttin  pl^e  where  royal  rccidencM 
were  aitttnted  ;  thonia  were  onleiDd  to  be  planted  in  all  6cldj  of  wheat,  bai- 
ley, or  oaU,  to  pr«reiit  th«  nie  of  groDnd-otCa  for  eatchisg  tlie  birdii  which 
o<»isuiued,  orwcr«  belivTcd  to  oonsame,  Itie  grain,  and  it  was  foTbiddco  to 
oat  or  poll  <>tnbb?6  licfcrc  tho  Brat  of  October,  leal  the  partridfice  and  the  qnafl 
might  be  deprived  of  their  cover.  For  destroying  the  eggg  of  the  quail,  a  fino 
of  one  hoodred  Uvres  waa  fmpoaed  for  the  flrat  offcuon,  double  tliitt  ninnntit 
for  the  leooad,  and  for  the  Unpl  tlM  wlprit  woa  fluggod  and  baui«h«d  for  Gn 

yean  to  a  diatancv  of  six  leasee  from  tho  forcat Iltatein  dM  I'ajftfua,  U. , 

p.  203,  text  and  aotca. 

ITeJther  t>te«e  aprere  petuklties,  nor  any  prorWona  devised  by  tho  [Dgeunlty 
of  aodetn  legbilatJoD,  have  been  able  efTeotiially  to  repreaa  poaching.  "  Tbe 
gama  Uwk,"  aay*  Clav^,  "  have  not  de4ivor«d  ua  from  the  poaolMn^  who  kill 
twvnty  timca  aa  much  gu»«  oa  tbe  aporUmeo.  In  tbe  f orett  ot  FoDtafaieUeaD, 
aa  in  all  thoaa  bakoflng  to  the  atate,  poftoblng  la  a  vory  oommon  and  a  very 
prafiiable  offmoo.  It  in  lu  rain  that  the  gamakeeperi  m  on  the  alfrt  nijiht 
and  day.  they  cannot  prevent  it.  Thoae  who  follow  the  trade  begrin  bv  care- 
fully stoilytng  tb«  hiUiita  of  Ui«  gtune.  They  irill  lie  motionlasi  on  the 
grooftd,  by  the  roadatdo  or  in  Uiioketa,  for  whole  daym  walohiag  tb«  patba 
inoA  fieqoeotcd  \ij  the  ammala,"  etc.— Atim  dm  Uetax  XohOm,  Mat,  18iU,  p. 

im. 

The  writer  adda  nuuiy  detoila  on  this  tobjeot,  and  It  appenra  that,  aa  thm 
at«  *'  b»ggiuk  on  hoaoback"  la  Booth  Amaiina,  there  are  poachua  ta  ourt^M 
is  FnuKo. 
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EFFiKTS   OF   FKK^•C^    KEVOLCTION. 


rible  eeourge  of  agriculture  is  the  Abtmd&nco  of  Trild  game, 
a  consequence  of  the  privileges  of  the  chase ;  the  fields  are 
wasted,  the  foresta  ruined,  and  the  vines  gnawed  down  to  tho 
roots." 

_  ^ecti  of  tJui  FreTieh  RaooltUUm. 

The  abrogation  of  the  game  laws  and  of  tho  harsh  provigions 
of  the  forestal  code  wae  one  of  the  earliest  incasurca  of  the 
revohitioiiarv  govenimuut;  aud  the  reiuuval  of  tlic  ancient 
restrictions  on  tlie  clmse  and  of  the  severe  penalties  uni>o«xl  on 
tifspaPKii-a  upon  the  public  forests,  was  immediately  followed  by 
iLiibndled  license  in  the  enjoyment  of  the  newly  conceded 
rights 

lu  the  popular  nnnd  the  forest  wae  associated  with  all  tho 
abases  of  feudiilisTii,  and  the  evils  the  pcaKaiitry  liad  suffered 
from  the  leglslallou  which  prot«cted  both  it  and  the  game  it 
sheltered,  blinded  them  to  tlie  still  greater  physical  mischiefB 
which  iitt  dfiitritctiirti  was  to  eufail  \\\kh\  thenv.  No  longiT 
under  tlie  safeguard  of  tlie  law,  tho  cruwn  forests  and  tho!»e  of 
the  great  lords  were  attacked  wirJi  releutletis  fury,  unscrupn- 
lously  plundered  and  wuutonly  laid  waste,  and  cveu  the  riirlita 
of  property  in  Binalt  private  wckmIs  ceased  to  lie  res|)cclG«K* 
Various  alisurd  thotjriea,  gome  of  which  are  not  even  yet 
exploded,  wore  propagated  with  regard  to  tho  economical 
advantages  of  converting  the  forc«t  into  pasture  and  plough- 
land,  tho  injurions  effects  of  tho  wooda  upon  climate,  health, 
fmnlity  of  internal  coiinniinlc^ntton.  and  llic  like.  Thus  resent- 
fid  memory  of  the  wmngs  inist«.^ia)tid  with  tho  forest,  j>oj»nlar 
j^torance,  and  the  cupidity  of  speculators  cunning  enough,  to 


*  "  Wb«le  tTBM  were  aacriflcecl  for  tbe  moat  tutii^flciuiC  ponxNiM ;  Um 
peamnU  wcmld  rat  doira  two  fin  to  make  &  Biii|;le  pair  at  wooden  tAiooc"— 
MiCURLKT,  M  qaoteO  \ij  Oi'AVi.  fiJutUt,  p.  S4. 

A  dmilnr  waJttefalnBM  FonoHTl;  preTailvd  in  Rnsaik,  tboti;flj  not  frotn  the 
Bune  osoM.  It  St.  Picrrp'fi  time,  thf  plimkfi  brought  U>  8t.  Pcl«»t>ari{  were 
Bot  wwn,  bat  buwn  with  tho  uxc,  imd  &  Lrce  {imtiabed  but  a  kIdj^  plaok. 
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tnrn  those  circnmstancw  to  profitable  account,  combined  to 
baiten  the  sacrifice  of  the  remaining  woods,  and  a  waste  was 
prodiifpfl  whirh  hundreds  of  ^cars  and  millions  of  treasure  will 
hardlj  repAir, 

In  the  era  of  savage  anarchy  which  followed  the  l>cnefi- 
ccnt  refonna  of  17S9,  economical  ecience  was  neglected,  and 
etatiptical  details  upon  tho  amount  of  the  destruction  of  woods 
dnring  that  period  are  wanting.  Tint  it  is  known  to  have  been 
ahm«t.  iticaleiilaltly  nipid,  and  (he  climatic  and  financial  evils, 
which  elsewhere  liave  been  a  more  gradual  effect  of  this 
cansc,  be^n  to  make  themselves  felt  in  France  within  tluve  or 
four  jean  after  that  memorable  epoch.* 


Increased  Dema/td  /ifr  Lnvtbcr, 

With  increasing  population  and  the  development  of  new  in- 
dnBtries,  come  new  drains  n|Mni  the  forest  from  tlio  manjf-  arts 
for  which  wood  is  tlio  material.  Tho  demanrift  of  tho  near  and 
tho  distant  market  for  this  product  excite  iho  cupidity  of  the 
hanly  forester,  and  a  few  years  of  tlmt  wild  industry  of  whidi 
Springer's  "Forest  Life  and  Forest  Trees"  so  vividly  depicts 
the  dangers  and  tho  trinrnplis,  wilHcc  to  mb  the  mcjst  Inaccessibte 
glens  of  their  fairest  ornaments.  Tlie  value  of  timltor  increases 
with  iis  dimensions  in  almoet  geometrical  proportion,  and  the 
tallest,  m(Mt  vigorous,  and  most  symmetrical  trees  fall  the  first 
Bocrificc.  This  is  a  forttinate  circumstance  for  the  remainder 
of  tho  wood ;  for  the  imjuiticnt  lumliennan  contents  htm-iolf 
with  felling  a  few  of  the  best  trees,  and  then  hurries  on  to 
take  his  tithe  of  still  virgin  grm-es. 

*  Bm  BuoquKKBL,  Ifipuire  Mur  U»  FortU,  in  Um  Mhn,  <I*  FAeaMmie 
dt$  8ci«M*t,  t.  xxxr.,  p.  411  tt  $tgy. 

Sfanilu'  oircunutanccsi  prvMluecd  n  Itk^  resolts  tliDai;1i  oautmr  smillcr  Bcnte, 
inlUljr,  nt  a  very  recent  p«ri<xL  Oklleoifn  n;«  :  "The  dectniatlao  of  th« 
nujendc  Umber  [between  the  Vala  Sosia  &DtI  SesHert]  dales  do  fArtbctr  hkck  tluu 
IMS,  wben,  ou  the  fliBt  produuatioa  of  the  Cofuititiitl«n,  tb«  tgnontnt  boor 
hail  Uktrn  it  for  gmntml  that  all  the  M  iMcial  tie*  would  be  loonoiiod,  and 
tfaereforK  the  old  forett-Iatn  ahoold  be  at  oooa  Mtat  BaofUtt** — Oowttrp  L^t 
in  J'ifdmoHt,  p.  136. 
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The  vast  extenBion  of  railroads,  of  inAnafactni%s  anil  the 
mechanical  arte,  of  military  armaments,  and  especially  of  tlio 
commercial  fleets  and  uavics  uf  Clirisfeiidom,  \ritliiii  the  pres- 
ent feiitni^',  lias  iuyredibly  augmented  the  demand  for  wood,* 

*  Lob  m  take  the  euppi;  of  timber  for  railroad-ties.  Accardiag  to  CIatAj 
(p.  248),  Pranc«  hikd,  iu  1^33,  0,000  kilom^rcs  of  niilirnr  in  opcFnticm,  7,( 
in  consicaotiaa,  baif  of  which  is  boilt  with  a  double  back.  Adding  turn-out 
and  extra  tracks  at  ■lAtiona,  the  nomber  of  ties  reffnircd  for  a  ttntfle  tra«k  ia 
stat«d  at  1,SOO  to  the  kUomi^o,  or,  ue  Clavt:  oomputcK,  for  tbc  eutire  network 
of  France.  {W,000,000.  ThiB  ntimbor  Li  too  largo,  (or  16.000  +  S.0h)0  for  the 
double  traok  halfway  =  24,000,  and  21.000  x  1,300  =  28,800,000.  lo  ao  uttcla 
in  tbe  Retu4  ^  Deux  ifondft,  Jal.r,  ]8«!3,  0and7«tat«a  tl)atS.OOO,000  treM 
bod  lye^a  fdled  to  fumiab  Uio  tiea  for  iba  French  tailroada,  and  as  the  tic« 
mart  be  occaaionaTly  renewe-l.  and  now  raUwaya  bnve  been  conrtrnctcd  aioo* 
1803,  we  maj  probably  doable  this  number. 

Thu  United  Stales  had  in  opoiation  m  the  flnct  of  January,  1873,  01.000 
rnHea,  orabtmtOT.OOOkitoniHrcR.of  laJlio&d.  AUowuii7theBaiD«proportioiiaain 
Pranon,  the  Antiicui  TnUromla  reqnired  ]lfi,400,000  tlea.  Thn  Rnpott  of  gIm 
Agiiooltoral  Dtipartmrat  of  the  T7iiltod  Stat««  for  Norerabflr  and  I>oc«mb«r, 
1809,  aitiinat«8  the  nanibvr  of  ties  annnally  n^qulred  for  onr  railways  at  30.- 
000^000,  and  mppoees  that  130.000  acrea  of  the  bevt  woodland  most  be  felled 
to  STipply  this  nunbor.  This  ia  evidently  an  error.  j>erbapK  a  misprint  for 
16,000.  Tha  Bamc  authority  calcnlatca  the  animal  expenditure  of  the  Aweri- 
CKQ  nilrooda  for  lumber  for  buLldinp-,  repnin,  and  cant,  at  $38,000,000.  and 
(or  looomotire  fuel,  at  the  rate  of  IH.OOO  oord«  of  wood  per  ili^r,  at  $fiO,- 
000.000. 

Tbe  walnat  trees  out  in  Italy  and  France  to  furnish  gnostooka  to  the  Aioeii* 
can  artny,  dnrin^  onr  late  eiWl  war,  wonld  alone  have  formed  a  cimaidcrable 
for«flt.  A  fiinf^le  eRtabliahmeiit  in  >orthAm  Itnly  n^cd  twenty -eight  thonsuu] 
larffe  walnut  tiwea  for  that  purpose  in  the  yoais  1802  and  1853. 

The  conaomptioD  of  wood  for  lucifer  matches  i«  enorraonii,  and  I  havo  heatd 
of  aeveral  inatanoeH  where  tracta  of  pine  fortvt,  hundreds  and  even  thoaiMUds 
of  acre«  in  extent,  have  been  porohased  and  fHled,  solely  to  aupply  timber 
for  thia  purpose.  The  United  States  piTemment  lax.  nt  one  cent  per  hnti- 
dred.  prodooee  93,000,000  p«r  year,  which  ahowii  a  manufacture  of  '^0,000.- 
000,000  natobea.  All^winj;  nothing'  for  waifta,  there  are  about  fifty  matchoa 
to  tbe  cubic  inch  of  wood,  or  60,400  to  the  outie  foot,  making  in  all  upwonla 
nf  2^,000  tnihlc  feet,  and,  as  only  atcaigfab-^rainBd  vrood,  tmt  from  knots,  can 
be  naed  for  tliia  pnriKiac,  the  aaciiilce  of  not  lees  than  three  or  four  tboBaand 
wdl-grown  pinea  la  required  for  thia  purjKffie. 

U  we  add  to  all  thU  the  supply  of  wood  for  telegraph  -posts,  wooden  p«Ttt- 
menljL,  wooden  wall  tapestiy-paper,  nboe-pc^,  and  evvn  wooden  uoQa,  whloh 
hare  latoly  come  into  ow— not  to  speak  of  nttmerou  other  reoent  i^tpUoatum 
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and  bnt  for  improTomontg   in   metallurgy  and   the  workiug 
of  iron,  whJch  have  facilitated  the  substitution  of  that  metal 


of  this  DUkterial  whidi  Amerkao  isg^Qoit?  h%»  d«Tia«d— w*  lisTe  wi  oinoDtx 
of  cotuampdao,  far  ontirolj  new  paipowos,  which  1b  rcttUf  appoUing- 

'Wood«o  field  and  gwrdca  foscM  ar*  ▼417  gwiBnlly  OMd  ia  AlD«rie«,  uid 
■ome  hftTo  wtimatsd  the  consumptioa  of  wood  for  this  purpoM  m  not  Im 
than  thmt  for  arohitwctttn]  u«M. 

Fuiljr  one-half  our  vast  population  is  lodgod  tn  wooden  botiaea,  and  ban» 
and  ooantiy  out-hoocM  of  all  dMcriptions  are  almoat  uoirenally  of  tho  aamo 
material. 

Tbs  oonmnptlon  of  wood  in  th«  UniMd  Btatca  as  fnci  for  iIoRio«t!c  pnr- 
pOSM,  foe  cbKTOOal,  fur  briok  and  limo  Idlnx,  for  broworics  nniL  diatillurioa.  for 
■tMmboata,  Rod  manj  othor  nwt,  dofiaa  oompntntion,  and  U  tmiIj-  fn^at<  t 
than  la  employed  lu  Earopo  for  tho  aamo  cndit.  Foi  iuttanoe,  in  nuiU  Swit- 
Bodasd,  oold  aa  ia  the  winter  elimato,  th«  whola  mpplj  of  wood  for  doRu>«tIo 
Ana,  daixiet,  (jreweriea,  di«tiU«riea,  bride  and  lime  kUua,  feuoea.  fuxuitore, 
tools,  and  ctsd  bouBo-bnildlnj^  and  atnall  nnltherieii,  excluxire  of  thr  nmail 
fjuaulitj'  d«riT«dfrom  tb«  trinimingg  of  fruit-ixv«»,  grape-<rin««,  uid  hedges, 
■ad  from  decajed  fenoea  and  buildinga,  doct  not  exceed  (too  hundred  and 
CA*r/yc«^/»<.  or  leuthoDtwoooEdtayear,  perboiuetiold. — SttBrneAtHi^ 
die  UrU^auehung  der  Se/uMtt  He^gtHrj^twaldtmgen,  yp.  80-^.  Id  1789, 
Arthur  Youiig  estimatod  tho  annnoJ  connimptLoa  of  firewood  b;  ainglo  tami- 
Uaa  in  Praaoe  at  frutn  iwn  and  a  half  to  t«a  Paria  cord*  of  1H4  caltio  feet. — 
Trae^U,  voL  ILL,  chap.  zr. 

The  report  of  the  CommlMJonen  oo  the  Foreata  of  Wisooiuiin,  1887.  allows 
tiizoo  conU  of  wood  to  eadi  petaoa  £ar  houashoid  firoa  alone.  Taking  fami- 
lies at  an  nretage  of  five  penona,  ws  have  ei^t  times  the  amount  conatimbd 
hf  u  cqiMl  otimbcc  of  persoos  in  Swilxotland  for  this  and  all  other  purpooea 
to  wbieb  this  material  ia  ordinarily  applicable.  I  do  not  think  the  oooaump- 
tion  m  the  Konfa-castem  Sutca  is  at  all  leas  than  the  colcolation  for  Wia- 
ooaata. 

ETergrocn  trees  are  oft^n  destroyed  in  immense  nnmbera  in  the  Dnitnl  S«t«s 
for  tho  ptupoao  of  deoomtion  of  cbaroh«a  and  on  other  teetiTO  oocaaiouL 
The  New  York  oitj  papers  reported  that  113,000  jrouofr  «Tetgi«en  trees,  be- 
sides 20,000  yards  of  amoU  binnchea  twihted  into  feaioona.  were  sold  in  the 
narkcta  of  tbatdtjr,  for  thia  om,  at  Cbmtmas,  in  iHOit.  At  the  Cincinnati 
Judnstriol  Exhibition  of  1872,  throe  miles  of  everRreen  foitoonswrre  hung 
npOD  the  besRta  and  rafters  of  the  "  Floral  IIbU." 

Important  statistics  on  the  coii»iiniptioQ  and  Enpply  of  wood  in  the  United 
States  will  be  found  in  a  ralnable  paper  by  tha  Uov.  Frederick  Starr,  Jr.,  in 
the  Tr-ifwu-Uftf  of  tht  AgrimtUitral  Smtt^  for . 

Of  ootuse,  thero  is  a  Tast  OODsnniptlon  of  tigncoua  luaterial  for  all  Ihosa  nsM 
la  Europe,  bat  ft  ia  grsally  leas  than  at  earlier  pciioda.    Tb«  waata  of  wood 
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fior  wood,  tbe  Ijst  treDtr-Sre  jean  vould  baT»  almost  Btripped 
.Kvope  of  ber  last  renuinix^  tree  fit  for  tbaa  bmb.* 
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wfcfafc  iifaMHh>Tghy  rf  ftai^iy.  fa  awiVt  »  nw.  tba  tant  it 
foMdlkUJ^  llmnmrni  tiw»  b>J  bwa  wmJ^f ad  fa  fcaft^  ttwi 
haOim  "■MMd,"  MT*  Badxr-XoKM,  "  to  iMira taiid  ta  m«w  the  | 
«f  vOfac  ^oa  khc  satU  tke  faqrMi  qMBtUf  af  tiaUr  pMrihfa  vftkoa 
^  tfeML"— AflHM  Ai  Dias  Jfw<a,  lat  Jss*.  igtti,  p.  «•!. 

Wiiiliiw  iililimii  pmni  vanvMaiintf  lew  facte  la  lUa  Mti^ei*,  af 
ifiriil  faMmft  to  AmiHww  natei,  feai  it  to  w«ti&  aotfay  iIm*  Prmno*  wa- 
fl(9«  l,MK,aii  oiUi!  fa«  ol  Hk  pw  jMT  «n  hnadr  vd  aia*  oiAa,  vUdi  fai 
■haMtbaMhwia— >1  <ib— Bfimtica  U  that  i— Btrial;  ud  to  to  »o*  a  vWDjr 
in^f  a— <  faok  «iiB>.a»udnv  to  Biirt— h,  the  gwwaHj  <rf  wood  and  fa 
Ipito  ■rriiwj  Tie  i— n  lanlmi  eiiil  fm  ihikTiii'i  ajeh  ■iileige.  tfaKtba 
e^ert  ef  «dk  efejeele  bna  tto*  toaa  oC  SoaMbt^r  ifaae.  •sMOrtod,  ia  laai, 
to  «BI,MB  aodaw.  «>  Itona  faMHad  taMP  «c%te— Ar  HUd,  p.  68. 

beaartkle  fa  the  Bmu  4mXam  ««  #Mfa  Iob  Kimaktoc.  1868,  A  fa 
^■tod  ttoei  MO^flOO  dcaeae  of  diaae  fior  ^ejm  am  aaairmiinnl  par  naoA  ia 
Pufa  TUi  fa  eqainleai  to  SS.^QO.OOO  per  jeu.  far  wbkk  Sa,OOSkOOO 
draaiaUte  ue  reqnrod,  end  th«  wxiter  eappoeee  Ihek  itoe  mnnal  gtovth  «C 
M^OM  Mn»  o<  woodUiwI  wcold  not  man  iham  mtffiy  Um  MetonaL     la  tfaa 

1 artfak  Un  ouuwmipUju  o<  inetoba  m  Fimare  to  iHcb  u  7.300i,000,* 

Mft.  Bod  Ifae  na>atity  of  Inaitir  ■■■■■llf  nqpdted  for  thii  tBantt/actau*  to 

*  Beiidto  the  enfatiaMfaa  of  tnn  ta-wood.  agntalMiTtac^f  waiiwtiiiim 
ef  tttotottefrterfal  faabeearfiee«edbythatCTifalofefif4witaw*hpifaof  fa. 

nffnianf  ifr  dnntnHrr.  inflrfiT  f-rrr^ ' r rii  frTthitoinnpiiniiiw 

The  —oat  effeqtnal  tai—i  letlTe  ye*  dtooorared  far  wood  «fh^yedi  fand.  to 
■■Ipluito  of  copper,  a  enlntion  of  which  to  iatiudaued  tnto  th*  potee  aC  the 
wood  ahlla  fraea,  bf  toakJa^,  hj  torm%  pnapt,  or.  aaat  wwoerafairily,  tgr 
Ae  ritoiple  prii—nreof  >  cotoam  of  the  Bokl  fa  aeaaM  pipe  iwaawotwl  wfththa 
^oftbopfoee  of  timber  mbjwAed  to  the  tnaaaent.  Cfavd  t^wCw  A- 
iiiiirffia  ||i  mn  'IflclTimn  tntirwtJTif  ■rnrmnt  nfttii  Tiriniinem  ita  u^ 
plo^  tor  midnJDf  wood  ImpeiUhAble,  end  atelaB  that  nUnwd-tfae  fajeotod 
with  nlpliatoef  copper  fa  18M,  wcRfotutdabMluteljr  otMltaradfa  IAS3  ;  awl 
falegapMe  poeta  prepued  faro  r^ma  eariier.  ate  nmr  fa  •  HHto  of 


1 


Fer  maff  parjtaaaL,  tha  aiaUiod  of  fajeoUaa  fa  toe  acpeiMiTV.  end  Haaa 
nipkr  pRweee  to  aiodi  M  ba  dednd.  The  qftina  of  tbv  prnpn  tiron  of 
Wtb«  timber  to  aok  eettted,  and  tha  beet  aodee  of  air,  w«trr.  abd  *t«am 
anMafncate  not  f(>t  faQfaecaitoiBed.    BxiwriTnanti  oa  theeewibyaeia  w»mld 
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1  liftve  spoken  of  the  foreign  denmiid  for  Americail  a^jririil- 
tural  products  as  hanng  occaeionod  aii  extension  of  fiiltlvntoi] 
^n^iind,  which  had  led  to  clearing  land  not  reqmrtd  by  the 
nccu«sitic8  of  tiome  (.'onsiimptiou.  But  the  foreet  itself  hiis  be- 
come, fo  to  speflk,  an  arliirle  of  exportation.  Eiiplaiid,  as  we 
have  eeen,  imported  oak  and  pine  fn>m  the  Bahic  jKn-tfl  more 
tlian  BIX  hundred  jeare  ago.  She  bad  ^iiice  drawn  lar^lj  on 
the  foreBts  of  Norway,  and  for  many  years  has  received  vast 
qnantitica  of  lumber  from  lier  Amcriean  poweseioiis. 

Tim  nnpunilleled  facililice  for  internal  nnngation,  aflfordcd 
by  tl\e  numerous  rivers  of  the  present  and  former  British  colo- 
nial p«JS<jfiBion8  ill  North  Amerita,  have  pi-oved  very  fatal  to  the 
forests  of  that  continent.    Qaobec  became  many  years  ago  a 


ba  vtD  wortb  the  patrtwuige  of  Gov«mni«ats  in  d«w  coimfcriu,  where  they  au 
be  TDi;  audi;  made,  without  ths  iiimmwilj  of  much  vraata  of  vuJoablu  iimt^ 
rial,  ami  witboat  oxpemira  umuigeflwnts  for  obaoiTAtioo. 

T^o  iinuiUaa  of  stripi'iiig  lirtng  trera  (if  tbuir  lutirk  aomo  fiausbflCot*  tbej* 
M«  fdlcd,  b  M  old  M  tbc  tiBM  ot  YltruTins,  Imt  U  murlt  Icm  followed  tb&n  U 
Sesarrea,  paitlj  becauip  tba  tiinber  of  trees  eo  trcaUxl  iticluuM  to  cndc  luid 
iri^it,  and  partly  bftOftUM  it  booomn  M  bud  m  to  bo  wrongbt  with  coasMor- 
ftblo  diHlDDjtr. 

Id  Amorica.  ecoaoroy  In  the  cotuiamption  of  fuel  bA*been  mnrb  proinot^-d 
by  Uio  HulxUtutioii  ot  cool  tor  wood,  tbo  gxmcrjd  u«e  uf  stovvB  butfa  for  wood 
Aod  coal,  uid  nocaxtiy  by  tbft  emTiIoynetit  of  anUii»dt«  in  tbe  fanuces  of 
Ktationary  and  loooiootivv  stouii-«ra|[lii««.  AU  tbe  obj««Uoti«  to  ttw  oae  of 
anthmdto  for  tbia  latUr  porpoM  sppeu  to  bnTc  been  orexoame,  and  tbo  tm- 
proi-«iueut«  In  Ibi  oombiutioa  Itun  beeo  alteodod  with  a  gt&i.t  peoimiaiy  mt- 
lag,  and  wttfa  much  ndrsntago  to  tbe  preaBrralioa  of  tbe  woods. 

Tbe  einpIoyia«nt  of  coal  baa  prodooed  a  gtnai  roductioo  in  tbe  conaamptioa 
of  Rrewi'iod  la  ParU.  In  Ihl.'i,  tb«  mipply  of  firewood  for  thacaty  required 
l.aOO.OOO  Uirm,  tu  oabia  mHt»i ;  In  ia^9  It  had  fallen  to  COl  .VOS,  wtiBe,  lu 
tbo  meantime,  thaeaunmiitiaa  ot  ooal  bad  riwa  from  600.000  to  1,390,0U0 
motdciU  (laiaUlm.     8««Ci.at>c,  />»(&«,  p.  313. 

In  IHiUl  Pari*  Gouutnod  Uai,137  ttirm  of  fimwood,  4,1X13,414  boetoUtcw, 
or  mvn  I  baa  13.000.000  btwhek,  of  cbarcoal,  and  6,873,000  nteirloal  qnlatala, 
or  mora  tlian  7,0O0,(KX)  t«u  of  minezal  coaL — Aimnairt  da  In  Jtttiu  ifei  BauM 
tt  PariU  (or  1879,  p.  20. 

Tlie  incrcoAC  in  tbc  price  of  flicwood  at  Puii,  witbio  a  ocnlaiy.  ba»  bttea 
oompoiativoly  tmall,  while  that  of  tiiobeT  and  of  MWod  Inmber  hae  luoreawJ 
•normotialy. 
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fentre  foi-a  Iniubor  trade,  U'liich,  in  the  bulk  of  iU  material,  and, 
t:oii8cquciitl^,  iu  the  tonnage  required  for  its  transportation, 
rivalled  the  comiiierfe  of  the  greatest  European  cities.  TinincnBC 
rafta  were  eollected  at  Queljee  inmi  tlie  grwit  FAkt-'K,  fmm  the 
(Jttuwa,  and  from  all  the  other  tributaries  whit-h  unit©  to  &well 
the  ciiri-oiit  of  the  St.  Lnwrenee  and  help  it  tu  gtniggle  a^ain^t 
ita  inightj^  tides."  Siiijw,  of  burden  formerly  uiidi-oaiued  of, 
have  been  built  to  couvey  the  timber  to  the  markets  of  Europe, 
and  during  the  Bumuior  months  the  St.  Lawi'enc'e  is  almost  as 
ci-owded  with  shipping  as  tlie  Tlmmes.f 

*  Tk«  dda  riaM  afc  Quebec  to  the  height  of  twenty -flv«  feet,  and  when  Ic  la 
aided  by  a  north -oturl  wiud,  it  flotra  with  almost  iTreicUtible  violcaoe.  Bafts 
eoBtainlnjf  aoverul  hundred  thotuwid  oublo  feet  of  timber  sra  often  caoghi  hy 
tb*  flood-tide,  toru  to  piecos,  and  duipened  for  mile*  along  the  Bhoree. 

f  One  of  th«e,  the  Baron  (jf  Renfrew — ho  named  from  one  of  the  titlen  of 
the  \iing%  of  Eo^uud— built  forty  or  fifty  yean  Ei^^,  meiuured  5.000  U>bs. 
fhey  were  little  elee  than  mfu,  belnp  olmo.it  aolid  mosseB  of  timber  designed 
U)  b«  token  to  pUoet  and  aold  aa  litmbet  on  arrinng  at  thdi  port  of  dflcti- 
nation. 

Tlie  lumber  trade  at  Quebec  i*  itill  very  lar^.  According:  to  an  article  in 
the  H^ue  /Us  Jiewc  MondM,  that  oity  expoited,  jn  Xmo,  :jO,(M)0,000  cable  feet 
of  KitiiureJ  timber,  and  400,000,000  ^luarc  feet  of  ''  planchva."  The  tbiekmMa 
of  the  boardn  1*  nnt  otated,  but  I  lixilleTB  they  ore  gonamlly  ont  an  Ineh  and  a 
i]uart«r  lliick  for  the  Quebec  tnuW.  aud  aa  they  shrink  aomewhat  in  dnrin^. 
we  may  eeUmate  t«ii  oqnare  for  one  uulilo  foot  of  bnardtt.  Thin  gives  a  total  of 
70,000,000  cubio  feet.  The  apecifio  smviiy  of  white  piae  ia.534,  and  th« 
weight  of  thu  quantity  of  lomber,  very  little  of  whiob  ia  thoroaghly  aeaMiaed, 
wootd  exceed  a  million  of  too*,  eren  4opt>ouus  it  to  cciuiat  whoQy  of  wood  ai 
light  as  pine. 

The  London  Timm  of  Oct.  10,  1871,  atatee  the  exportatioD  of  Inmber  fron 
Canada  to  Europe,  in  X^W,  at  300,000,000  enbio  feet,  and  odda  that  more  than 
ihnM  timea  that  quantity  woa  sent  from  the  oame  prorince  to  the  UtiiMd 
BtabM.  A  TCty  loige  proportioD  of  ihia  latter  qnontity  goes  to  Burtingtoo, 
Vonaont,  whence  it  ia  distributed  to  other  parts  of  the  tTaioa. 

Tharo  muBt,  I  think,  be  aorae  excor  or  exoggetrntioa  in  tboaa  flgunK  Pei)ta|M 
Inrtnad  of  cubic  fpot  we  afaonid  rend  Mqaare  feet.  Two  hnndrcd  miltioiu  •( 
cnbio  feet  of  timber  would  nquixe  more  thou  half  the  entire  tonnage  of  Ekic- 
land  tor  ita  tnuiq>ortatioa. 

I  auppoaa  the  qaantittca  ia  the  foUowtiig  aattmatw,  from  a  caretnUy  prepared 
aitfele  la  tte  iSk  Zmw  AfniMJeiia.  muot  be  nndurstood  aa  meaalag  »qTuu«  or 
tuparfieial  faat,  booid  raeoaare.  aUowing  a  thicb)«ca  of  on*  indt : 

"The  himbvr  trade  of  Michigan,  WiaoDoain,  and  UinnMotai  for  the  Teas 
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The  operations  of  (he  Inmberman  involve  otber  dangers  to 
tlio  woods  besides  tlie  loss  of  tlie  trees  felled  by  him.  The 
narrow  clearings  around  bift  s/ittnttM  form  openings  wblcb  lot 
in  the  wind,  and  tbiia  sometimes  occasion  the  overthrow  of 
thousands  of  trees,  the  fall  of  which  dams  up  small  streams, 
and  creates  bogs  by  tlie  Bprcading  of  the  waters,  while  the  de- 
caying tnmks  facilitate  tlic  multiplication  of  the  tiiH^cts  wliich 
breed  in  dead  woc»d  and  are,  some  of  thciii,  injurious  to  living 
trees.  The  eftcape  and  fl]>read  of  camj>-fireB,  however,  is  the 
most  de\'astattng  of  all  the  causes  of  destruction  that  find  tlieir 
origin  in  the  operations  of  the  lumbermaiL  The  proix)rtiou  of 
trees  fit  for  iudiwtrial  neea  is  small  in  all  primitive  wuods.  Only 
these  fall  before  tlie  forester's  axe,  but  the  fire  deetroys,  almusi  in- 
discriminately, every  ago  and  every  sitecies  of  tree.*  Wliile,  then, 

1960,  shows  tlM  uncnuit  cut  u  betu^  9,030,S79,S55  foQl  for  th«  flUle  of 
Hichi^iui,  uid  817,400.000  fvH,  for  tha  BUU«  of  HinaMOta,  and  OfH.OOO.OOO 
fMi  for  the  StAtc  of  Wuootuiii.  Thia  iucladw  tho  lake  tbor«  luid  ibb  whob 
StsLo  of  Wiuoniiia,  which  beretofora  b««  beea  dUBonlt  to  get  ft  r«7iort  from, 
Tb«  toul  ftmoBDt  cot  la  these  6UtM  wh  8,8tl,dT3,SM  f««t,  and  that  to 
obtain  this  ijasotilgr  then  hsTS  beea  flipped  8S.l.u:i2  natty  or  1,880  aqnare 
mtkM  of  pine  lukve  1>6aB  rsmoTcd.  It  ts  ealoolsted  thAt  4,000,000  sons  of  Uad 
KtiU  remain  uiuitri|it>o(I  in  Ittchlgaa,  which  will  yi^A  13,000,000,000  ftoel  of  lorn* 
ber;  whilo  8,000,000  ftt^rcAiueRtiU  ntaDdinfr  is  Wueotum,  which  will  ;lcLd  lt,> 
900,000,000  feet,  and  that  which  retnaina  in  Miunenota,  taloQgtfae  estimate  of  a 
tvw  yean  alnce  of  that  whloh  waa  nrreyed  and  ancxplorcd,  aiter  dedoctinir 
iha  BOoout  cut  the  put  few  years,  we  And  8,030,000  aores  to  be  the  piojjer 
Mtimatfl  of  trees  now  lUaHag  which  will  jleld  83,362,500.000  feet  of  lombcr. 
This  iiinkiifi  a  total  of  1I>,080,000  acres  of  pine  landa,  which  remain  standlns  In 
the  above  Statea,  that  will  yield  33,01 'J, .VW, 000  feet  of  lomber,  and  ii  bthonsht 
that  flftaeo  or  twentj'  jresrs  will  be  required  to  oal  aiid  send  to  luacluil  the 
tfeea  now  ctanding." 

See  also  BRTAirr,  Forul  TrMi,  chap.  iv. 

*  Tivea  differ  in  their  power  of  resiBUng  the  action  of  forest  ftiva.  Differ' 
ent  woods  vmrj  preatlj  in  comlmstibiUlv,  and  even  when  the  l>aric  Is  «carc«Ij 
scorched,  trees  an,  part}/  in  cooaeqaence  of  phyaiologioal  ofaaraolrr.  and 
paitl;  from  the  sreatar  or  lets  depth  at  which  their  toofas  babJtnaOjr  Uo  Mow 
tlie  anrfaoe,  differeatly  alfeftod  ti;  ruouing-  fires.      The  wUt*  plno,  /Vnta 
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witboDt  fatal  i  n j  nry  to  tlie  yonngor  growths,  the  native  forest  will 
bear  eeveral "  cuttings  orer  "  in  a  generation — for  the  incrcaamg- 
value  of  lumber  brinps  into  use,  every  four  or  five  years,  a 
quality  of  timber  wliicb  had  bwn  before  rejected  a&  unmarket- 
able— a  firo  nmy  render  the  declivity  of  a  mountain  unprodnc* 
tive  for  a  century.* 

jVaide  from  tlie  deatiniction  of  the  treen  and  tltc  la^-ing  bare  of 
the  eoi),  and  conM>f]nently  the  freer  admission  of  sun,  rain,  and  air 
to  the  ground,  the  fire  of  iteclf  exerts  an  important  influenc-c  on 
ita  texture  and  condition.  It  erackii  and  eoiiietimce  even  pulvcri- 


ntra^uM,  as  it  Is  tbc  most  valnable,  Is  Also  perliipB  the  most  tlcl!cat«  ti«a  of  tlie 
American  for««t.  wtuJ«  iti>  coiiepntir,  the  Xorth«ni  pitdi-pioe,  Pimis  n'gida,  is 
Imb  iajurod  by  flre  Chan  any  other  tree  of  tbut  coiuitrjr.  I  hare  beaxd  ejzpe- 
rlMM)»d  lamb«nii«n  mahitaln  that  tho  irrowtb  of  tkin  pioe  was  even  Booal*- 
nitiH  hy  ft  Bre  htiA  euougli  to  debtroy  all  other  treus,  and  I  bave  myeelt  b<wb 
It  aliU  flourishlsg  after  a  oonfliiKration  wbich  had  l«ft  not  a  Ereen  l>jiif  but  ite 
own  In  the  wood,  and  aotoall;  thiovriiig  out  freoh  tuiinge.  vbeu  Ibo  ok]  bad 
been  quite  burnt  off  and  thi'  hark  abnovt  ronrcrtcd  into  <diarooa1.  The  wood 
of  lb(j  |)iLcb-piiid  is  ot  oompaiativclf  llttla  value  for  Lite  joioez,  bat  it  ia  UHefnl 
for  veiT  manj  purposes.  Its  rapidity  of  (rrowtli  io  even  poor  soils,  Its  haiUi- 
hood,  and  it4>  abuodant  yitild  of  nMUnunH  producUt,  entitle  it  to  maoli  moM 
coiuddcratiot),  as  a  plaotalion  tree,  than  it  baa  hitherto  received  to  Earope  or 
Atnurica. 

*  Betwoun  aixtj  and  sftTftu^  ye&ra  ago,  a  iiteep  moant*in  with  which  I  am 
famfllar,  oomposod  of  motemorphiu  rouk.  atid  at  tJiat  time  ooreivil  with  a 
tlkick  coatiR^  of  soil  and  n.  dmute  priiD^Tal  forcafc,  was ao^dAntally  bamt  ovct 
The  flro  tooV  plavo  in  a  vvrj  dry  *ciu»fu,  the  slope  of  Um  inoiiiiluiu  w-u  toa 
rapid  to  rotain  much  wator,  and  the  ooQllagration  wits  of  an  cxuaordiuaiily 
Benw  chnroctor,  omutuminir  ^^  wood  almost  entirely,  buniiog;  the  Irdvea  ami 
couibusUblo  pottloD  of  the  moold,  and  In  many  plaoea  crscldng  and  liiiariio- 
gtstiog  thofook  beue«tb.  The  taiuaof  the  following  autuuui  oarriod  uS  mneb 
of  the  remaining  soil,  and  the  mountain-Ride  was  neftriy  bai«  of  wood  for 
two  or  thiee  jetus  af  turwazds.  At  length  a  new  orop  of  treee  sprang  up  cad 
grow  Tigorotialy,  and  the  mountain  ia  now  thickly  oovored  again.  But  the 
dv])lh  of  mould  aud  uarth  ut  too  small  to  allow  the  trees  to  reach  mattuitj. 
\^'h«n  they  attain  to  the  diameter  of  aboat  fdx  inches,  they  vnifarmly  die^  aad 
(his  tliey  will  no  doubt  continue  to  do  until  the  decay  ol  leaves  and  wood  on 
the  snrfafc,  and  tho  docompontiou  uf  the  sabjnoonl  loek,  ahall  hare  formed, 
pexhaps  buudtods  of  years  henoc,  a  stratiun  of  soil  thick  eooogb  to  support  a 
fnll-grown  forest,  t'nder  favoraltle  oonditions,  however,  as  in  the  oaae  of  tbs 
flre  of  Miramicbi,  a  bomt  fore*t  renews  itMlf  mpidly  and  pennaseutiy. 


* 


awaon  of  B^a^-nca  fckest.  bw 

WB  tin  KckH  and  stones  npoii  and  near  the  fiiirface;*  it  coii- 
sumofi  a  pfirtion  of  tho  half-dccayod  vc^;etable  tnonld  which 
served  to  hold  its  mineral  ])articloa  together  and  to  retain  (!ie 
water  of  precipitation,  and  thus  loosciu.  pulverizes,  and  dries 
the  earth ;  it  destroys  reptiles,  inaocta,  and  worms,  with  their 
egffiy  and  the  seeds  of  trees  and  of  smaller  jilantfi  ;  it  supplice, 
in  the  ashes  whiuh  it  deports  on  the  snrfuco,  itniKtrtant  ole- 
menU  for  the  groMrth  of  a  new  furest  clothing,  as  well  aa  of  the 
u&ual  ubjectb  of  a^icnltural  iuduetrj* ;  and  hy  the  diaii;^  thiift 
prtiduecd,  it  fit*  the  gruiuid  fur  tho  reiTepItou  of  a  ve^'latiim 
different  in  character  from  that  whiuh  had  spontaneously  cov- 
ered it.  These  new  eonditiona  help  to  explain  tho  luLtni-nl 
succcasion  of  forest  crops,  so  generally  olfficr^'cd  in  all  W(KKla 
cleared  by  fire  and  then  abandoned.  There  is  no  doubt,  how* 
ever,  tliat  other  iiifluonces  contribute  to  tlie  Rame  ruBult,  be- 
cause effects  itii'n>  ur  lees  anaKigTuis  fnlluw  when  the  trees  are 
destroyed  by  other  eanscs,  as  by  high  winds,  by  tlio  woodmairs 
axe,  and  even  by  nsiluritl  decay .f 


*  In  the  burning  over  of  n  hill-forest  ia  the  Lower  Bngndlne,  la  B*|it«Bibttr, 

1980,  tbs  ftn  wai  m  uit«nM  u  to  ■hatt«r  and  rnlcdte  tb«  roolu  on  tlie  slop*, 
■nd  tltvir  fraymeDU  wera  pndphaUnl  into  Che  T»llagr  bolow.  — M*ru(a  >V 
rfUtUtM  R^gaoiT/totia,  Ottobn,  IVGTt,  p.  47-1. 

f  Til*  ramaxkaUa  noimd*  and  other  outhiroriu  oQinlnial«d  ia  th«  vallejr 
of  tha  Ohio  md  dsowhoru  in  the  ttinit«ry  of  the  TTDiu^d  St«tfli,  lij  a  pr>o|4< 
■|ipur«nU7  mora  adrMioml  in  cultunt  thiui  lb«  modem  Inliut,  vnarn  oT«rgrawn 
with  ■  dcMo  oliithing  of  fnrcst  whm  tnii  dlwonnd  hj  thn  whites.  Bnt 
Uun^rb  tho  gnmnit  wb«i«  they  were  weotod  vmat  ban  bc«a  oooapjod  hy  a 
laigfl  piijialAtian  for  a  ootuuderabla  Imffth  of  time,  and  therofora  mtttrlj 
«lMnd,  Um  tnaa  which  irrcw  npon  the  andeat  fortrwiwa  and  the  adjaoant 
land*  ware  aot  dlatinsulahahle  in  specios,  or  ev«a  In  dlnienalaBs  and  diarantcr 
of  growth,  from  tho  ncilKhbodi^  forMtt,  wbM«  the  soil  M«ned  a«t«r  to  havo 
boflU  diaturbod.  This  a[>[iarent  «xo«pUua  to  tho  law  of  ehatign  of  eroii  in 
natoral  forort  ftmrth  was  Ingcaiotuly  wtplrtasd  by  Ouunl  HaniMn'i  wagfem' 
tion,  that  the  lapM  of  Ums  dnoe  tho  arm  of  Uw  moaad-httfldoin  ww  aa  gntA 
a»  to  haTB  embraced  acTora)  anooefliiTa  gonocHtfoos  of  troei,  aad  oecadooad, 
b^  their  cotatittt.  a  return  to  the  original  v^alatloa. 

Tba  nacomin  chiatgM  la  Uw  cpoobneoas  irowth  of  the  foroat,  aa  pmvoit 
}/y  the  c^aiaotor  of  the  wood  found  in  bOfts,  ar«  moh  ma  Ut  have  nag^vitCM  tbi 
|heot7  of  a  ODnsidaralila  change  of  climate  doria;  the  human  pedod.    But 
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Another  enl,  somotimeB  of  serious  ma^itiide,  vliicb  attends 
the  uperatioiis  of  the  lumberman,  is  the  injury-  to  the  banks  of 
rivei-8  from  the  practice  of  flo«ting.  I  do  not  here  allude  to 
rafte,  which,  being  under  the  control  of  tliose  who  navigate 
thuHi^  may  be  so  piiidcd  as  to  avoid  damage  to  the  shore,  but 
to  uiusbi,  logs,  and  other  pieces  of  timber  singly  entrusted  to 
the  HreatDs,  to  he  conveyed  by  their  currents  to  eawmill  pouda, 


this  theory  catmot  be  admitted  upon  the  oridenoe  Ui  qaestioD.    In  tact,  tli« 
order  of    Kuoocasian — for  n  rot&ttcm   or   altcmation  ia  neiihor  proved   nor 
prab*bl«^[na7  b«  made  to  more  ia  oppoaito  diractioiui  ia  diSerout  ooBnbri«a 
with  the  ssmo  elimnbe  and  at  tha  eamp  titno.     Thos  in  Denmark  and  in  Hol- 
land tbe  Rpike-leaTed  fin  lisTe  gircu  ]>lacc  to  the  btood-lMfed  beech,  while  in 
Nortben  Gvnnsnj  the  prooesH  hu  bcuu  ravonied,  and  eveigrennit  bare  Bn|^ 
planted  Ou oakf  and  birchui  of  dediluotu  foliage.    TboptiuoipiUdeteniiiBiag. 
oaoM  Menui  to  1m  the  inSu«Dcc  of  light  upon  the  ^cnninatiuH  of  the  •eedaj 
and  the  gfrowth  of  t)i«  young  tree.     In  a  forejtt  of  flra^  for  InntiinM!,  the  di^j 
tribuiioii  of  the  U^fat  imd  ahaile,  to  tbe  influpiine  of  whiHi  naed*  nod  nhoota 
are  expoaed,  ht  bj  no  meanii  tli«  aatne  aH  in  a  wond  of  hc«cbeA  or  of  oaIeb,  and 
benoe  tho  gruwlh  of  dillnreut  Kiieoieti  will  ha  ittiiuulate<!  in  the  two  faresta. 

When  gTimnd  in  laid  bare  both  of  tTc^cs  and  of  T«!^tahle  moold,  and  left  to 
tbe  autiou  of  unaided  and  uiiobslructrd  nature,  nbe  flrat  pn^iiat^atet  Uoe* 
wbioh  germinate  and  gtow  only  under  cJio  tnflaenoe  of  a  full  nippljr  of  li(;lik'| 
and  air,  and  tbeo,  in  HUuocMiou,  other  •peuiea,  aeoordingr  to  their  ability  to 
bear  tbe  ibade  and  their  demand  for  more  abundant  nntrim«nt.  In  \orthem 
Eon^e  the  lorcb,  the  white  birch,  the  avpen,  first  a|>j>i3ar ;  theii  follow  tbe 
maple,  tbe  alder,  the  a«b,  the  &r;  then  the  oak  iind  the  Uudcn;  and  thenlba 
bee<^.  The  trees  called  by  theae  revpective  luuneH  iu  tbe  Umt«d  Statea  are 
not  Kpeciiicmlly  tbe  aame  aa  their  European  name^aakem,  nor  are  thryalwaya 
aveo  the  eqaivalenta  of  these  tatter,  and  tliereforo  the  order  of  auooessiOQ  in 
Amcrlua  would  not  be  preciaely  u  iudicated  by  the  foreKoing  liat,  buL,  so  far 
as  i»  tuitiwu,  it  aevertbeless  very  nearly  correapouds  to  it. 

It  IB  thoogbt  important  to  onoourage  the  f^wth  of  the  bc«ch  in  Denmark 
and  Northern  Germany,  because  it  upon  tbe  whole  yields  better  tecatne  tbaa 
other  troc«,  aud  doua  not  exhaust,  bat  on  tbe  oantmiy  enricbea,  the  mmI  ;  for 
by  abcddinjf  iu  leave*  It  retons  to  !t  meet  of  tbe  ontximent  it  haadrawn  from 
It.  and  at  tbo  same  time  fumiaboa  a  Bolrent  whidi  aide  mat«riaUy  iu  tbo  de- 
oomposition  of  Ita  mineral  eonstitnenta. 

When  tho  foraet  ia  loft  to  itaolf,  the  order  of  aoooosRion  ia  oonatant.  and  its 
oooaalooal  Inreninn  bi  aJwayi  erpUeable  by  some  bnmnn  interference.  It  (a 
ooriooa  that  the  troei  which  reqoiie  moit  U^t  are  oonteut  with  tho  pooreafc 
Botla,  and  viee  veraa.  The  trees  wbiab  Arat  appear  are  alwt  those  which  pro* 
pafnte  tbeniselvea  faribett  to  the  uortb.     Tbe  birob,  the  lorub,  and  tbe  fir 
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or  to  conveiiient  places  for  collecting  Ihem  into  rafts.  Tlio 
Inrabermen  nsuallv  hutil  the  timber  to  tlio  biiiike  of  tho  rivers 
in  the  winter,  and  when  tlie  spring  floods  ewcll  the  stri'anw  and 
break  up  the  ice,  they  roll  the  log»  into  tho  wnter,  loaving  tlicm 
to  float  down  to  their  deEtiuatittn.  If  the  transiHirtiiig  Btreain 
18  too  8maU  to  fnmieh  a  Rufitcient  channel  for  this  rude  iiavi^- 
tioii,  it  is  Kometimos  danimed  up,  and  tlio  tindter  iTolletileil  in 
the  pond  thus  formed  above  tlie  dam.  Wtien  tho  pond  i»  full,  a 
slnice  is  o|wned,  or  the  dam  i»  blown  up  or  otherwise  suddenly 
broken,  and  the  whole  nituo  of  lumber  above  it  la  bitrricd  down 
with  the  rollinj;  flood.  Both  of  these  niodea  of  pn>ceediiig  ex- 
pose tho  baiiks  of  the  rivers  employed  at^  channels  of  flotation  to 
abrasion,*  and  in  gome  of  the  American  States  it  Iiaa  been  found 
necesearr  to  proteet,  by  special  lofriglation ,  tho  lands  tlirongh 
which  they  flow  from  the  serious  injury  sometimes  received 
throngh  tho  practices  I  have  dcscribed-f 

beir  ft  MTcrei  duiate  Uua  tbe  oak,  Uia  oak  tlun  the  beech.  "  TbeM  panl- 
l«lu(m»."iuiy«TBnpdl,  "ftre  raT7  Iot«rMtiD|{,  beoaoM,  though  they  tir«  entirety 
indepaofleat  of  «eoh  othftr,'*  tlivjr  «ll  {mworibe  the  wme  onler  of  Kujoimdmu — 
JSffm*  iiufcvndriNff,  p^  43.  bee  ftlM>  Debo,  Das  Vrrdnlngm  dir  lAtuhtHdrr 
M  XirdaAtu  Dmtteldand,  1844.  Hkybh,  I)a$  Verhakm  drr  WnldbSvme 
figm  LtdU  md  S^Mttat,  18A3.  STAaiHO,  JDW  BdAha  eon  ycderliiut,  16M, 
L,  pp.  laO-MO,  TAtirxLL,  Dt  DoMkt  .Sfow,  180S.  Ksoaa,  StudUn  Hitr 
di4  BwAM'WM^sdidtft,  leea.  a.  Haubt,  Im^Mtaa^la  OaaU,  pp.  7S,74, 
877,884. 

*  C*lml  rtaten  th«b  '*a  afaiffle  floMlaB  In  the  TaltelliBe,  in  1800,  cstwed 
dunagtM  apiirmJMd  at  $300,000.'*— CtmiuttOa  latportanM^  CoUura  tUt  Hot- 
eU.  p.  (U. 

f  Moor  phjikM*  who  have  InvestigBtod  tbe  law*  of  natural  hydnnln  mkio- 
tMO  tbftt,  io  ODowqneDce  of  diroct  obatniction  and  bicdoBal  icaiMBiioe  to  the 
How  of  th«  vater  of  rina  along  thoir  bcuiks,  then  la  both  an  iaenued  lapid* 
ity  of  onzrent  and  an  «l«Tatloit  oC  tho  wat«r  in  tho  toiddle  of  the  fbannel,  ta 
Uiat  »  tint  praaents  always  a  cootcx  aorface.  Othen  have  Ihongbt  thai 
the  Mfcnowledgwd  groat*'  wwritaeta  of  the  oentrel  aonrnt  niiut  prodaee  a 
depBnaalOB  In  that  part  o(  the  iit[«a[n.  Tbe  lauibcnn«n  al&na  that,  whila 
riTAin  nr4  rinn^.  the  water  ta  hitrbeat  in  the  miilJIe  of  tho  channd,  and 
tend*  to  throw  llo«tiiigobj«cUBbo)r«wracdB;  while  the;  are  falling.  It  la  towart 
In  the  miii'IIo,  aort  RoatlnR  objeota  inctine  towardathc  ontre.  LogR,  tfaej  my, 
nUad  into  the  water  duhaj;  tbe  iiae,  are  ver)'  *|>t  to  lodge  uo  tbe  bauka,  wbHo 
ttwae  act  aRcat  daring  tbe  falUn;  of  Iha  waten  kecip  fai  the  cunvnt,  and  an 
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Jieatoration  of  (Ue  Forert. 

In  most  <«>«ntrie8  of  Ennipi? — ftml  T  fnar  in  many  parte  of 
the  United  StatcB — the  uvtoik  aro  ahoady  so  nearly  oxfirjiated, 
tliot  tlie  mere  protoctian  of  those  whieli  now  exi.at  ib  by  no  means 
an  a(]cfinatc  se^^iirity  a^inst  a  great  increase  of  tlie  evitn  which 
liav«  already  resuUed  fi-om  the  diininntion  of  them.  Besidca 
thip,  c\pcrienco  has  ehown  timt  where  the  dcstrnetion  of  the 
wixids  has  been  wirried  beyond  a  certain  point,  no  coercive  legis- 
lation can  abflohitely  bccuto  the  pcrnmncncc  of  the  remainder, 
especially  if  it  is  held  hy  private  haiida.  The  ercation  of  new 
fiirests,  tliereforo,  is  generally  recognized,  u-hei-ever  the  Miliject 
has  received  the  attention  it  merits,  as  an  indiflpensablo  measure 
of  iionnd  pnhHc  economy.  Enlightened  individuals  in  some 
Enrnpean  states,  the  Governments  in  others,  have  made  exten- 
eive  plantaiiotiB,  and  Fraitco,  part icnhirU',  has  now  set  herself 
energetically  at  work  to  restore  the  woods  in  her  eonthom 

oumd  witbont  hindnuioc  toth«Er  d««tinatf«>n,  nnd  this  Uw,  which  liu  b««a 
ft  mattflT  of  fiuniliiLC  olworvatloa  nmong  wootlmou  for  genvmUouK,  is  Doir 
ftdinitted  m  «  aoientiflo  tntth. 

Forextera  nixA  Ininbennrii,  IDiii  rsJIotb  luid  other  peraona  wboao  daily  ocea> 
patioos  brinf;  tbom  into  coiiUct,  nnA  oft«a  into  oonBict,  with  grnnt  luttoral 
foRca.  bsva  many  poouliur  opinions,  not  to  my  mtpontitiona.  In  uno  of  tbeoa 
entesories  «r«  must  nak  the  -anireraal  b«Uef  of  lombennen,  tbat  wit^  a  giTan 
head  of  vrater,  and  in  n  g^vm  nomtier  of  haartt,  a  aswrnUl  ciitR  more  lumber 
by  night  than  by  day.  Ilarin^  bo«i  penwnally  int«n>st«d  in  mtwii]  sawmiUa, 
]  hftTS  froqnmUy  oonTcised  with  Bavryvn  on  this  subjooi,  and  haw  always 
bMD  HMtzsd  bgr  Uwto  that  their  nnifom  axpciieaae  MtabUubsd  tha  fnct  tJint, 
othnr  tiling  Ixiin^  o^iual,  Iho  action  of  the  nia<;hln<^i7  of  fawmUla  ia  mars 
npld  hy  nlRht  than  by  day.  I  am  aocry — p«ihap«  I  onffht  to  be  ashamed — ^to 
my  thul  my  tkejittviaai  ha«  Ixwa  too  stm^  to  allow  rae  to  avail  niyEcIf  of 
my  npiKirtnnitles  of  tettin;  thin  qnostloQ  by  paaiilng  a  nlsfat,  watch  in  hand, 
(minting  the  iiCroluft  of  a  millmw.  More  napreJDdic«d,  and,  I  mnst  add,  yvtj 
ioteHigmt  and  credible  persona  hare  informed  tnc  that  they  hare  done  ao,  and 
found  the  report  of  the  aawyen  abnndantiy  nmlinncd.  A  land  EnmyDr, 
who  was  nhco  on  oxperlenoed  Inmbrrman,  mwyrr,  and  machinist,  a  good  ma^ 
tlicmntldazi  and  an  ocourata  obtcrvcr,  has  ropeatotlly  told  no  that  be  had 
vmy  nft«n  "  timed"  aawtnllls,  and  found  the  differeooo  in  favor  o(  itlgh^ 
work  abore  thirty  per  oeiti.     Bed  quetrt. 
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prorinces,  and  thereby  to  prevent  tlie  utter  depoimlation  and 
waste  with  wluch  that  once  fertile  scdl  and  genial  climate  are 
thrcntoncd. 

Tlie  objects  of  the  restoration  of  the  forest  are  as  multi- 
farions  a^  the  mutivee  that  ha\*e  Itnl  to  its  dcstruetion,  and  as 
the  cviU  which  tliat  destnictirtu  has  ocoaaioned.  It  is  hoped 
that  the  replanting  of  the  mountain  slopes,  and  of  bleak  and 
infertile  plains,  will  diminiRh  the  frequency  and  violence  of 
river  inundations,  prevent  the  formation  of  now  torrents  and 
check  the  \iolonce  of  those  already  existing,  mitigate  the  ex- 
tremee  of  atmospheric  tem]>eralnrc,  humidity,  and  prccipitadoii, 
restore  dricd-np  springs,  rivulets,  and  sources  of  irrigation, 
shelter  the  fields  from  chilling  and  from  parching  winds,  arrest 
the  spread  of  miasmHtiu  effluvia,  and,  finally,  furnish  a  self- 
renewing  and  inexhaustible  supply  of  a  material  indispensable 
to  so  many  purpoeea  of  domestic  comfort,  and  to  the  successful 
exercise  of  every  art  of  peace,  c^-ery  dcstnictiro  energy  of 
war.* 


The  Economi/  of  ihe  Forett, 

The  legislation  of  Eurojtean  Ptatea  njion  sylviculture,  and  tlio 
practice  of  that  art,  divide  thoinsclves  into  two  groat  branches 
— the  preservation  of  existing  forost<t,  and  the  creation  of  new. 
Although  there  are  in  Kup^jk^  many  forests  neither  plantecl 
nor  n.^ularly  trained  hy  man,  yet  from  llie  long  operalion  of 
causes  already  set  forth,  what  is  nnderstood  in  America  and 
other  now  countries  by  the  "  primitive  forest,"  no  longer  exiata 
in  the  territi.»rics  which  were  the  «eat8  of  ancient  civilization 
and  empire,  except  upon  a  small  scale,  and  in  reuuiU*  and 
almost  inaccessible  glens  <piite  out  of  the  reach  of  ordinary 
obMrvatioiu    Tlie  oldest  Kun^peau  woods  arc  indeed  native, 

*  Tlie  preMrrmtion  of  thn  wooiIb  on  the  fanner  eMtcn  frontier  of  Fnaoe, 
u  ■  kind  of  natural  aVnttia,  wu  i«cafnlM  I  Xty  the  Goremmeat  of  that 
Ootuitr;  u  kD  important  ineaflnra  of  tnflttuj  dcfboce,  Uiooirb  there  haTe  been 

oonlUulinff  c^iaionB  oa  th«  mbjftcL 
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that  is,  Bprnnf;  from  Belf-6o\ni  seed,  or  from  the  roots  of  treoe 
wliidi  Imve  beeu  felled  for  human  puriwses ;  but  their  growth 
has  been  controlled,  in  a  variety  of  wava,  by  man  and  by  do- 
mestic aiiiinab,  and  they  almost  unifornily  jireeeut  moi-e  or  let« 
of  an  artificial  character  and  arrangement.  B<ith  they  and 
planted  forests — trhich,  though  certainly  not  few,  are  of  mm- 
paratively  recent  date  in  Kuropc — demand,  as  well  for  protec- 
tion us  for  promotion  of  grt>wlh,  a  ti'catmcnt  diflferent  iu  Bome 
re.^pcctR  from  that  which  ^:'llnId  ho  giiitcd  tn  the  character  and 
wants  of  the  virgin  wood. 

On  tins  latter  branch  of  the  Bnbjeet,  the  mana<Tement  of 
the  primitive  wood,  exjwrience  and  observation  have  not  yet 
collected  a  eufTicieiit  stock  of  faots  to  serve  for  the  construction 
of  a  complete  syetcm  of  this  department  of  sylviculture  ;  hut 
the  government  of  the  forest  as  it  existe  in  Francre — the  differ- 
ent zojiea  and  climates  of  which  country  present  many  points 
of  analogy  witli  those  of  the  United  States  and  of  some  of  tlio 
British  colnuies — has  been  carefully  studied,  and  ecveral  manuals 
of  pnii'lico  have  been  pryjiured  fur  the  forcnt^^rs  of  that  em]>ire. 
I  believe  the  Cours  ^f^meiitaira  d$  Culture  dee  Bois  erSi  d 
rilcole  Fortstiere  d-e  Nuncy,  par  M.  LorenU,  coinplsU  ft 
jmblU  par  A,  Parade^  with  a  supplement  under  the  liile  of 
(hura  d^Amena^enient  Jes  I^orHs,par  Henri  Knuqiutt/^^  has 
been  generally  considered  tlie  best  of  tliese.  The  tuides  aur 
I  '^■4»i4>mis  F&restierfy  jtar  Julea  Cluvcy  which  I  have  often 
quoted,  presents  a  great  number  of  interesting  views  on  tliis 
subject,  but  it  is  not  dcsi^rncd  as  a  practical  guide,  and  it  doe» 
lint  pnifcsa  to  be  euflicicntly  sjieeific  iu  its  details  to  serve  that 
piirixwc.*  Notwithstanding  the  different*  of  conditions  be- 
t^veen  the  aliorijrinal  and  the  trained  forest,  the  judiciouR  «j1>- 
tcrvcr  who  aims  at  the  prcsenation  of  the  former  will  reap 


*  Among  nor*  recent  Tn&nuitlt  idkj  be  roWtfoMd :  in  Fnac^  La  StwU*  ttt 
MnUrw  Pifrrt,  FArifl,  1804,  l?iiiu ;  BAZBrAlBX,  TVoi/J  dt  AM^anmC,  3d  od^. 
tion,  Paris.  1804;  Pabtor,  IJ Amiiuij/fmrnt  dft  FvtHm.  PariB,  1867;  in 
GitKOon,  .4ri«W<;vtttfrv,  Bdinborpli.  li>()U:  in  lulioa,  SnuoMi'svcij  taIi 
ManwTy  taorifo-pmUea  d'ArU  Fvittt^^t,   2d  cdiA.,   Fireiun,  1872;  iln  cot' 
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much  instruction  from  tbo  treatises  I  hare  dted,  and  I  holie^'e 
be  wilt  bo  fxtnvinced  that  tho  eooncr  a  natural  wood  is  brought 
intii  the  Etate  of  an  artificially  re^ulatod  vtw,  tlie  t>ett«r  it  is  for 
all  the  muUiplied  intei-cAttt  uhldi  de|K!iid  on  tho  wige  admiuis- 
tratiou  of  this  branch  of  public  economy. 

One  consideration  bearing  un  this  subject  has  received  less 
attention  than  it  merits,  VjocatiKO  most  |)er><.ius  jutcrostcd  in  »nch 
questions  have  not  oppurtunitiea  for  the  comparison  1  refer  to, 
I  mean  tho  great  general  enperioritj'  of  cultivated  timber  to 
that  of  Btrietly  Bpontaiie<ma  growth,  I  say  general  superiority, 
becautte  there  are  exceptious  to  the  rule.  The  wliite  pine, 
Ptivwi  stroh'My  for  instance,  and  other  trees  of  similar  character 
and  uses,  rc<^uire,  for  their  |>crfoct  griiwtli  and  lio&t  ligneous 
texture,  a  density  of  forest  vegetaiiuii  around  them,  wliich  pro- 
tects them  from  t<x)  much  agitation  by  wind,  and  from  the  per- 
sistence of  tho  lateral  branches  which  fill  the  wood  with  knots. 
A  pine  wliich  Ims  grown  nndcr  thoMj  condilioiis  poesesscis  a  tail, 
straight  stem,  admirably  fitted  fur  \t\v»\a  and  sintrs.  ami,  at  the 
same  time,  its  wootl  is  almost  whuUy  free  from  knots,  is  regular 
in  annular  structure,  soft  and  uniform  in  texturs,  and,  conse- 
quently, superior  to  alnuMt  alt  other  timber  for  joinery.  If, 
while  a  lai^  pine  is  &parorl,  the  broad-leavod  or  other  smaller 
trees  around  it  are  felled,  the  swaying  of  the  tree  from  the 
action  of  the  wind  mechantc^lly  produtreii  separations  botwcon 
the  layers  of  annual  growth,  ami  greatly  diminishes  tlu;  value 
of  the  timber.  The  sauio  defect  is  often  observed  in  pines 
which^  ^m  some  aiKtidont  of  growtli,  have  much  o\*ortopped 
their  fellows  in  the  virgin  forest. 

The  white  pine,  growing  in  the  fields,  or  in  open  glades  in 
the  woods,  is  totally  dt0ereDt  from  the  true  forest-tree,  both  in 
general  aspect  and   in  quality  of  wood.    Its  stem  is  much 


oeUent  work  of  CERnn,  2M  Vaniafgi  4t  SoeiaA,  f»r  VTmj*i%nk>  t  Carmt- 
taghm*  da  BoteM,  HUooo,  lft44,  ^;  and  tha  priio  ewar  of  llBOuectneit, 
Mmnoria  nd  Botchi,  eUx.  8d  ediaione,  Uiluo,  1859,  dfo.  AnoUi«r  v«jr  im- 
portant treattM  on  tiio  tuma  of  the  foTMt,  tboo^h  not  k  mannal  of  ij-lvi<:ultai«, 
uSdCUimKH,  P^r  Haun  and  Wmld.  L«>pue,  1870, 
24 
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eliorter,  ita  top  lefis  tapering',  its  foliage  Jciieer  and  more 
ineLined  to  ^ther  into  tufts,  its  branches  more  nnmerous  and  of 
larger  dJaineter,  it^  wcKxi  bIiowi;  much  more  distiut-tly  the 
divisions  of  amiual  growth,  is  of  coarser  grain,  harder  and  more 
dtl^cnU  to  work  into  mitro-joints.  Intermixed  with  the  most 
valimhie  pines  in  the  Amerif-an  foi^eFts,  am  mot  many  trees  of 
the  cliaraoter  I  have  jngt  (leBt-ribed.  'I'ho  liimhormen  call  them 
"sapliDga,"  and  generally  regard  them  as  different  in  spocics 
from  the  true  white  pine,  but  botaniets  are  unable  to  establisli 
a  disTinetion  botwoen  them,  anrl  as  they  agree  in  alrnnnt  all 
respcL-ts  with  trees  grown  in  the  open  grounds  fn>m  known 
wliite-pino  seedlings,  1  believe  their  peculiar  character  is  dne 
to  unfavorable  cireouistances  in  their  early  growth.  The  piue, 
then,  ie  an  exception  to  the  general  rule  as  to  the  inferiority  of 
the  forest  to  the  open-ground  tree.  The  paetnre  wilr  and 
pasture  beeeh,  on  the  contmry,  are  well  kuowm  to  protluce  far 
better  timber  than  those  grown  in  the  wtKKls,  and  tliere  are  few 
trees  to  which  the  remark  is  not  equally  applicable.* 


*Tt  i»  often  laid  down  m  s  imiTorM]  lav,  tLett  the  wood  of  tre«s  of  alow 
'TCgetatioD  i»  aaperior  to  Uiat  of  qoiok  grow^  This  Is  one  of  those  ooramtm- 
l^aoH  by  wbicb  men  lovo  to  abield  thUDMlVM  from  the  l»l>«>r  of  pniiulakinff 
obMrratioo.  It  hu,  in  ta^t,  bo  matij  nxoepUona,  that  it  m»y  bn  tlouliMd 
irhftthor  it  in  In  nny  aensc  trac  Mo«C  of  tbe  oeilan  oro  alonr  of  (,'tt<Mrtli ;  bat 
wblle  Uie  tJraljtr  of  mme  of  tli«in  in  linn  and  durablo,  Uut  of  othan  U  lif^t, 
brittle,  luid  periahkhld.  Tha  hemlook-spraoe  In  slower  of  gnnrtb  thkn  tlt« 
piDM,  bot  Ita  wood  U  of  rtxj  Uttl«  vmlne.  Tbo  paotura  onk  imd  b««cb  Bhowr  • 
bnulth  of  ^ntn— Bod,  of  course,  on  uinnal  incmment — twtoo  im  gn'At  im  trotii 
of  tha  ume  6|>««iea  ittowq  iu  thv  woods;  and  tho  American  locael.  Habinim 
ja^wlurada,  Um  wood  of  whicli  ia  of  extrems  toughnfiaa  and  durability,  i«,  «f 
■11  tmw  iadipmoiu  to  North-aftat«ru  Aiuerios  hf  fu*  ibr  most  mpid  Ld  gtxnnti. 
Some  of  tbe  spodos  of  tJie  Anstndiui  /?uai||ip(tii  Ainuah  wood  of  Tomatlmfala 
Mnagth  Btid  danbilitT,  and  yet  tbe  eiudjrptai  Is  •nrpftucd  bj  oo  kuown  tat 
in  npidity  of  growth. 

Ab  an  illostrntion  of  tbo  matoAl  {ntttrdepondeaoc  of  tbe  mflcbatilo  arte, 
I  m»j  mfinUoii  th^t  in  Itnly,  wbvra  rUmv,  bri«k,  and  plaster  lira  almoitt  tbo 
only  nifttrrinli  ummI  in  «rfr}iili:T!lnfe,  ami  where  the  "hoUow  waitt"  kitchen 
iTQ]il«n«Qt«  uw  of  crijiper  or  of  olty,  tbe  ordtuiuy  IooIb  fur  worthing  wood  are 
of  a  Tery  inffirlor  deRcriptlon,  and  the  tooiiat  tlniticr  l»  foniMl  ioo  hnrd  tor  tbrir 
tcmpei.  At  tbe  eHtae  tiioe  the  work  of  tbe  Italian  »ftp<Tl&j^  ot  otbioei-iaakcra. 
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Another  advantage  of  tlic  artificially  rcgnlatcd  forest  U, 
that  it  adinitfi  of  i^iicli  grading  of  tlio  groniid  ag  to  fa%'or  tlie 
retention  or  discliar^go  of  water  at  will,  while  the  facilities  it 
affords  for  selectiiig  and  duly  proportioning,  aa  well  aa  prop- 
erly npaciii<^.  and  in  felling'  and  removing,  from  time  to  time, 
tlic  trees  uliich  coin^Kise  it,  are  too  obviuus  to  require  to  be 
more  than  hinted  aL  In  coudncUng  tlicse  oporationa,  wo  mnet 
have  a  diligent  eye  to  the  requirements  of  natm*e,  and  must  ro- 
member  tliat  a  wood  is  not  an  arbiti-ury  at^euiblage  of  trees  to 
be  selected  and  dibptj&ed  according  to  tlte  ca[>ri(.-e  of  its  owner. 
"A  forest,"  says  Clavd,  "  ia  not,  a&  is  often  Biippoeed,  a  simple 
collection  of  treefi  euucocding  cnch  dther  iu  long  perspective, 
without  bond  of  union,  and  capable  of  isolation  from  each  other; 
it  is,  on  the  contrary,  a  whole,  the  different  parts  of  which  are 
intcrdcpcodent  uptju  each  other,  and  it  comtitutes,  so  to  speak, 
a  true  individuality-  Kvcry  forest  has  a  special  ehamclor,  de- 
terminerl  by  the  form  of  the  »iirfaee  it  grows  upon,  the  kinds 
of  trees  that  compose  it,  and  the  manner  in  which  they  are 
grouped.'* 

Tlie  art,  or,  as  the  Continental  foresters  rather  ambitiously 
call  it,  tho  Bciunco  of  Bvlvicnlturc  haa  boon  so  littlo  pnKUod  in 
England  and  America,  that  its  nomcncljUtire  has  not  been  in- 
troduced into  the  Engliiih  %'ocabulary,  and  it  would  not  bo  pos- 
sible to  describe  its  procea&ce  vri\h  technical  propriety  of  lan- 
guage, witliout  occasionally  borrowing  a  word  from  tlie  forest 


mad  cauren  in  wood,  who  take  paio-i  to  pmride  thenutf  ren  witlt  toob  of  baUUa 
tD«t«l,  U  whoDr  unniipMMd  in  fininh  au'l  id  aceancy  of  ftdjuatmrnt  u  vdl  h 
in  tmMm.  Milien  a  aauU  qoaQtitf  of  uaboguiy  wu  brought  to  Hagiand,  saily 
111  tbtt  iMt  oeutaty,  the  cnhinct-mftlMtre  wvm  ttnablo  to  ntc  it,  from  tho  defootiro 
ttapvr  of  their  toglfl,  until  th»  damuid  for  furniCan  from  Um  new  wgod  ooa* 
pelled  ibem  to  improve  the  quaJ!^  of  Uiilr  iiii]>toaicDt&  In  America,  the 
dieapocM  of  wood  long  nude  it  the  pnterahle  ni«t«rliil  fomltuoat  tM  purpoaas 
to  which  it  oould  bj  an;  iMjoRlbLlit;  bo  appHod.  The  mucbanioal  caUeiy  utd 
arttauu*  toob  of  the  United  8t«tet  are  of  atdmiinble  benqi«r,  flni*h,  and  c«o> 
Tenieooc,  and  no  wood  is  too  haid,  or  othsrwim  too  refractory,  to  bo  wronf  bt 
with  ifreat  t&cOity,  both  bj  hud-Cools  utd  hj  the  mnltitade  of  Ingoniou 
madunea  which  the  AniadoaBa  have  inTanted  for  thia  puipose. 
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literature  of  Fiauce  and  Genuany.  A  full  disciuision  of  tho 
metliods  of  sylviculture  would,  indeed,  be  out  of  place  in  a 
work  like  the  preBcnt,  hmt  the  want  of  cmiveiiiently  aeoeseible 
mcAUfi  of  itifonnatinn  nn  tho  eaUjcnt,  in  tho  United  Stfltett,  will 
jiiBtif}'  me  in  presentinir  it  with  Boincwliat  more  of  detail  titan 
woidd  otherwise  be  pertinent. 

The  two  Ijest  known  methwls  of  treating^  ali-eady  existing 
foreftts  are  thoec  diBtingnisbed  a&  tho  taiUi«,  cfjpso  or  cjoppico 
treatment,*  and  ilxefutaie,  for  which  I  find  no  English  equiva- 
lent, but  which  may  not  inappropriately  be  called  Hxa  fuU- 
gr<ywtK  system.  A  (aiUi«,  copa-e,  or  eoppice,  is  a  wood  compos- 
ed of  shoots  fi-ora  the  roots  of  trees  previrjuely  cut  for  fuel  aiid 
timber.  Tho  shoots  are  thinned  out  from  time  tf>  time,  and 
finally  cnt,  cither  after  a  fixed  mimbcr  of  yeare,  or  after  the 
young  trees  have  attained  to  certain  dimciisiojis,  their  roots  be- 
ini^thou  left  to  send  out  a  new  progeny  as  before.  This  is  tho 
cheapest  nietbod  of  niaiiagemoiit,  and  therefore  the  beat  wher- 
ever tho  price  of  labor  and  of  capital  bears  a  high  proportion 
to  that  of  land  and  of  timber ;  hut  it  is  essentially  a  waRtofiil 
economj'.t   If  the  woodland  ia,  in  the  lirst  place,  completely  cnt 

•  Capae,  or  vtppiex,  from  the  French  utujutr,  to  citt,  nteans proparlj  ft  wood 
Out  trcM  uf  which  ftt«  cut  at  ctirtniu  purlod*  of  immature  growth,  ftnd  allow- 
ed to  shoot  up  ttgain  from  thn  roots;  bnt  It  hu  come  to  signifj,  V017 common- 
ly, a  jTODii^  wood,  grovo,  m  tltioket,  wittioiit  ivfuroticu  to  ita  origin,  or  lo  iLs 
cbmmcter  of  »  {own  cto^ 

\  "In  America,"  sofgCUT^  (p.  ItU,  1S5),  "whorathsroia  ■  Tut  «zteot  o( 
land  almoet  without  pecxLoiaiy  voloo,  bat  vrhoro  labor  ii  door  and  the  rat«  of 
istaNBt  hi^h,  it  is  profitablo  to  tiU  »  Inrgv  narface  at  tha  least  poamble  corI  ; 
«ateitMtne  ooItiTfttloD  U  there  thr  niMt  advantof^rniKL  Tn  England,  Fraaoe.  axhI 
Ooimanjr,  whoro  every  corner  of  Hoil  ia  oocmpivd,  and  the  least  bit  of  gtouaJ 
to  told  at  a  high  price,  bnt  wh«TC  labor  imd  capitnl  ant  comparatively  cheap,  U 
ia  wineat  to  emplojr  intensiri  cnltiratioti.  AEl  tha  offorla  of  the  cnltf* 

rator  on^ht  to  be  df  rMtM  to  the  obtAtafng  of  a  givnn  rccnlt  wltli  th«  I«m( 
aaoiifim,  and  thsn  is  eqaall^  « lods  to  thn  common  wealth  if  the  appUcntiott  of 
imptrored  af(rioaltnnl  procmsos  he  ne^^catfH  whrrc  Ihr^  are  wiTantageoua,  ot 
If  thiy  tw  emplojrvd  vrhore  Ihv^  are  not  rvquirvd.  .  .  In  this  point  of 
Tiew,  ■ylTioQltiire  mutt  follow  ih«  nhmt>  biwii  a«  o^cnltare,  and,  lik«  It,  Im 
naadiOsd  aooordins  to  the  oooDOmica]  oonditiooa  of  different  atatea.  In  ootut- 
Mm  iboondlay  In  good  forecta,  mad  thinly  peo])led,  domontaiy  and  cbwp 


ooppicea. 
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over,  as  is  found  most  couvcuicnt  in  practice,  Uio  yunng  slioots 
liavo  itcitlior  tlio  shade  iicir  the  protect i<Mi  from  wind  so  iinjior- 
lAiit  t<)  furvst  growth,  Kiid  thuir  progress  is  coiniiurativolj  slow, 
while,  at  tlie  same  time,  tlie  thick  cLunips  they  form  choke  the 
secdliugs  that  may  have  sprouted  near  tliem.*  The  evergreens, 
once  cut,  do  not  fehuot  up  iigain,|  and  tlio  mixed  cbaractor  of 
the  forest — in  many  respects  an  un|Kirtaiit  adrautsge,  if  not  an 
iudiepcnsaUo  condition  of  growtli^is  lost;^  and  besides  this, 


methadH  mniit  bo  pnnn«l ;  In  dTiUzed  regions,  where  a  dciu«  popoiatioa  re- 
qniroa  that  tlw  KoU  hIirU  b«  mjwl«  to  prodora  nil  it  can  yieM,  the  ropilAX  Arti- 
ficial foreit,  witli  all  Ui«  prooesaea  tJiat  ioi<«mB  teoehea,  ahoold  be  cnltiTated. 
It  would  be  abffQtd  ta  apply  U>  the  eDdl««  woodi  of  Bruil  and  of  Canada  the 
method  at  the  ilp<»HTt  bj  "donble  ■tagu,"  but  not  Ion  bo  in  our  ooontry, 
where  nvery  >'anl  of  srouud  has  a  Ugh  value,  to  leave  to  oatorG  the  tatk  of 
ITTOpa^ating  treee,  and  to  ooolent  cmraeinn  with  cutUng,  evuty  twentj'  or 
tweDty-fire  rean,  lb«  neagre  growths  that  chaooo  may  have  prodaoed." 

*  In  ordlnaij  coppioes,  there  are  few  or  no  seodlingB,  becaaaa  tfao  youag 
dioota  are  cnt  before  they  are  old  enoogb  to  matare  fertile  teed,  tod  thta  ta  one 
of  thb  HtroQgeHt  ntijeotioDJi  to  Ihe  lyatMa. 

t  It  waa  not  long  ago  stated,  upon  the  erldenoe  of  the  Government  forem- 
en of  Groeoe,  and  of  the  <]UMn's  gardener,  thnl  k  Inqje  wocnI  has  Yteen  diAooT- 
arvd  in  Aroadia,  oonslxLiiig  of  a  Or  which  hiw  the  property  of  Moding  up  both 
vartiai]  and  latenU  nhoute  from  the  ecamp  of  felled  trees  and  farming  a  new 
down.  It  waa  at  Qrat  nuppotied  that  tlua  forest  grew  onlj  on  the  "  mouo- 
toina,"  of  which  tbo  hero  of  About's  moat  wnoslng  rtory,  /^  lioidet  Mentagnea, 
mi  **  king; "  bat  Btomps,  with  the  ibooti  attached,  have  been  sent  to  Oer- 
manj,  and  fuoqgniwd  \3j  able  botanista  as  true  natural  pruducUi,  and  the  fact 
SUUt  DOW  be  oondderedaa  e«tal>Uiifa«d.  Danbenr  rcfem  to  Tboophnwtiu  as 
Morfblng  thU  faonl^  of  reprodnotlon  to  tho  ixirji  or  Br,  bat  be  doea  not  cite 
ehaptor  aadvene,  and  I  have  not  been  able  to  find  the  paauge.  The  mim 
wzltar  menttons  a  caae  where  an  eutlre  forant  of  the  ooounoa  flr  lo  Fnaioe  bad 
bean  nnewed  in  this  way.— 7VeM  ami  ShrvU  txf  the  AneUnU,  1665,  ppL  8T-881 
Tbe  AmerlaaD  Koribem  pitch  poaaeasea  the  man  power  lo  a  uertaln  degree. 

According  to  Cbarlen  kUrttns,  the  cedar  of  Mount  AUaa— which,  it  ao  Cldeatt- 
oal  with  the  oedor  of  Labanoo,  in  cloml;  allied  to  It— poeoeMMS  Chaaame 
ponnt.-~Iterivt  det  Doix  Mondtt,  Joly  15,  1881,  p.  810. 

X  Natntal  forestn  are  tardy,  Lf  ever,  oompoeed  of  txtie*  of  a  angle  apeoiM, 
and  experience  has  shown  that  ooka  and  other  broad -lea?ed  Ifms,  planted  aa 
arliOoial  woods,  require  to  be  mixed,  or  ansodatod  with  othsn  of  dillureat 
h&Uta. 

In  the  f oreat  of  Pootainebleau,  '*  oaks,  mingled  with  be«cltea  In  dne  prv^Htf- 
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]&rgo  wood  of  any  vpecieB  cannot  be  grovm  in  Uiis  method,  be- 
cause ti'«es  which  thoot  from  decaving  gtunipe  and  tlieii*  dying 
roots,  bewmie  hollow  or  olherwJMa  uiie<^>und  before  they  accjuire 
tlieir  fwJl  dimensiuus.  A  more  fattil  objetrtiou  stUl,  is,  that  the 
roots  of  trees  will  uot  bear  more  than  two  or  three,  or  at  moet 
four  ciittiugs  of  tlioir  fihot>(a  before  their  vilalJtv  i«  exhausted, 
aiid  the  wood  ean  then  be  reaionid  only  by  replanting  entirely. 
The  period  of  cutting  coppices  varies  in  Europe  from  fifteen  to 
forty  yean*,  according  lo  soil,  species,  aiid  rapidity  of  ^i-owth- 

In  the  y'lv/aiV,  or  full-growth  system,  the  trees  are  allowed  to 
etAud  as  long  as  they  continue  in  healthy  and  ligorouB  growth. 
This  Is  a  Rborter  period  than  would  bo  at  first  enppofeed,  when 
ve  consider  the  advanced  ago  and  gixmt  dimensions  to  which, 
under  favorable  circumstances,  many  fonst-trece  attain  in 
teniporato  eliniatcs.  Bnt,  as  every  ol*ser\'ing  poi«on  fHiiiiliar 
with  the  forest  is  aware,  tfaeee  are  exceptional  cases,  just  as  are 
instanoos  of  great  longevity  or  of  gigantic  stature  among  xncn. 
Able  vegetable  physiologists  have  nuintained  that  the   tree, 

tion,"  aara  CI&v£,  "nuj  urirc  ut  thAae«  of  fire  or  rix  bundled  yean  (n  taSl 
rigor,  nod  attaio  dimemdoiu  which  I  bare  ner^r  Men  ntrpwoed  ;  wfaen,  bow- 
*T«7.  xbey  on  wboQjr  auiutxed  with  otbet  treea,  they  begiii  Co  dvonjr  muI  df» 
ftt  Uw  top,  mt  the  •§«  of  fottj  or  itfy  jetn.  Uko  nea,  old  before  their  time. 
wtnj  of  U>«  wodd,  aod  longing'  only  to  ({tut  it.  T^ia  bu  been  obaerr-wl  in 
mo«t  nf  tbe  ottlc  |t1ant«tloiu  of  which  I  bjtTe  ipoketi,  and  the;  ban  sot  b«ea 
able  to  kUain  to  fall  growth.  When  the  reg«taUoD  was  pemired  to  lanpii^ 
thay  w«i«  ont,  In  tho  bt^ie  that  thU  opentioo  womld  natoce  their  Tigor,  and 
that  tbo  D«w  iboota  would  mooeod  bett«r  than  the  original  Itvtm;  mad.  In 
fact,  the;  aeened  to  b*  noaredng  for  the  first  few  yean.  Bnt  tho  alioata 
were  Mioa  alt«ek«d  by  tbo  auBa  deony,  aad  tba  vpnttimx  bad  lo  be  renewed 
■fc  ■barter  utd  ■barter  tntamla,  vntfl  ai  lait  U  waa  ftmnd  uewiiTy  to  trtat 
•a  oopf>ic««  |ilaot£itiO(»  orfgiualty  dengned  tt»  the  fall-growth  qrst«m.  Svr 
waa  this  all ;  the  aoD,  pedodicalty  band  by  tfacao  oattinga,  becaae  irapowr- 
libad.  Hid  Uva  and  lew  anited  Go  the  growth  of  tin  oak.  It  was  UmH 

pn^oaid  to  iotiuduoe  the  vine  and  plant  with  H  the  racaadeo  and  gtadoa. 
By  thlv  meana,  the  forest  waa  iKved  fnnn  the  rain  whidi  Uurataned 
It.  and  now  more  than  10.000  acres  of  pines,  from  flfl«<a  to  thirty  y««ia  oU, 
■t*  iMa«amlnalBd  at  TaHooe  polnta,  Bomctiims  intexmixnl  with  bnMd4a«fvd 
trvea.  aonieUiBea  fonniog  grorat  by  thaBaatlTfla." — Btt^  du  iVtt*  Mtmtm^ 
Kai,  1883,  pp.  13S,  IM. 
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lilco  inoet  iitth  aiuI  reptilet,  lias  no  natural  limit  of  life  or  of 
growth,  ftiul  that  the  urilv  reustni  why  our  ojikitniiiluur  jiiiie*  do 
not  reach  the  age  of  t\('eiity  uenttirica  and  the  hfi^ht  of  a  hun- 
dred iath(.>nis,  its  that  in  the  mulHtude  of  accideuts  to  wliic-h 
tlie^  are  expueed,  the  cltuiitx's  uf  thoir  attaining  to  »uch  a  leu^li 
of  ronrs  and  tu  su^-li  dinimi^inns  of  gruwtli  are  inilUoits  to  oiiu 
agaiiutt  thoin.  Uut  auotlior  cxplauation  of  tins  fact  U  ]K«slble. 
In  trees  affected  hy  no  discoverable  external  cau^e  of  deatli, 
dec&y  begiuB  at  cho  topmoat  branches,  wbidi  aceni  U^  wither  and 
die  fur  waiit  of  nutriment.  The  mvgteriuus  force  b)"  which  the 
6ap  is  carried  fnim  the  roots  to  tlio  ntiniMt  tu*i<^,  cftiuiot  bo 
conceived  to  bo  unlimited  in  power,  and  it  i*  probable  that  it 
diirers  in  different  ftpecies,  so  that  while  it  mar  snllioo  to  raise 
the  fluid  to  tlic  height  of  five  hundred  feet  in  the  encalvptus, 
it  ina^'  not  be  able  to  curry  it  beyond  one  hundred  and  fifty  in 
tlie  o«dc.  The  limit  may  be  different,  t>K>,  in  different  Irt^'S  of 
tlie  same  species,  not  frcnn  dufcctiro  orgaitizatiou  in  thotw  of 
iuferinr  givwtli,  but  from  mora  or  lead  favorable  ixindiiions  of 
Boil,  nourishment,  and  cxpoaure.  Whenever  a  tree  attains  to 
the  limit  beyond  which  itseiraulatiug  fluids  cannot  rise,  we  may 
BUp^KKKj  that  detiay  b^ios,  and  death  follows  from  want  of 
)iutriti<ni  at  the  extreinltiut,  and  fmm  the  same  causes  which 
bring  ab<)nt  the  same  rcitulbi  in  animals  of  limited  size — such, 
for  example,  us  tlie  interrnptiuu  uf  fuuctious  essential  to  Ufa,  in 
couse'|uence  of  the  clogging  np  of  ducts  by  matter  aeeimilable 
in  the  etago  of  growth,  but  no  longer  so  when  ioereinent  has 
ceased. 

In  the  natoral  woods  we  ol>scrre  that,  though,  among  the 
myriiuJa  uf  treoa  wbieh  grow  upon  a  square  mile,  there  are 
several  vegetable  giants,  yet  the  great  majority  of  them  begin 
to  decay  long  Wfore  tlioy  Itave  aituinod  their  niaximuni  of 
atatnre,  and  this  »eenis  to  be  still  more  emphatically  trno  uf  the 
artificial  forest.  In  Trance,  according  to  Clave,  "oaks,  in  a 
suitable  soil,  may  stand,  without  exhibiting  any  sign  of  decay, 
for  two  or  three  Ininilrod  years;  the  pines  lianlly  exceed  one 
hundred  and  twenty,  and  tlio  soft  or  white  woods  \^u  lilancs], 
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in  wot  Bo!1gj  lauguieh  aud  die  before  reaching  the  fiftit-'lh  year."  * 
Theeo  ages  are  u-ertaitjly  liolow  the  average  of  tlitieo  of  American 
foiwt-ti-ees,  and  are  gi-eatly  exceeded  in  very  numepous  well- 
attested  ui£taiicc6  of  iBuiAted  trees  in  Europe. 

Tbo  fonucr  mode  of  treatiug  the  futalc,  called  the  )^rd( 
8^>*fit(^rji,  was  til  cut  tho  tretw  iiidividiiidly  ae  tliey  arrived  aX 
maturity,  but,  iu  the  best  regulated  foi-esls,  thie  pratliee  hu 
been  abaiidoued  foi*  the  Geruiaii  intitliod,  whiuh  embraces  not 
only  the  eecuriiig  of  the  largest  immediate  profit,  but  the  re- 
planting of  the  forest,  and  the  t-aru  of  tlio  yuiuig  gi-owth.  This 
is  effeuted  iu  the  case  of  a  forest,  whether  natural  or  atti£uial, 
whieli  is  to  bo  siibjpcled  to  regular  management,  by  tlu-ee 
operatiuDf.  'I'iic  lirat  of  these  coueiiitfl  in  felling  abunt  oue- 
third  of  the  trees,  in  such  way  as  to  leave  couvenicut  Bpaccfl  for 
the  gRiwtli  uf  seedlings.  The  remaining  two-thirds  are  relied 
upun  to  replant  tbo  vacuncicK,  liy  imTiiial  fiuwiiig,  wliirh  tliey 
Boldom  or  never  fail  to  do.  The  seodlings  are  watched,  arc 
thinned  out  when  t^^fo  dense,  and  the  ill-fcrrmed  and  thickly,  aa 
well  ad  those  of  8pw.-ic»  of  inferior  value,  aud  the  shrnbs  and 
thorns  which  might  otherwi&c  choke  or  too  closely  shade  them, 
are  ptdlud  up.  AVlicn  they  have  attained  euflicient  i>trengtb 
and  development  of  foliage  io  ref.]uin.%  or  at  least  to  bear,  more 
light  and  air,  the  second  step  is  taken,  by  removing  a  suitable 
proportion  of  the  oUi  trees  whit-h  had  been  8]>ared  at  the  fii-at  cut- 
ting ;  and  when,  iinally,  the  younger  tree*  arc  hardcued  enough 
to  bear  frost  and  sim  without  other  pwrteetion  tlian  that  which 
they  mutually  give  to  each  other,  the  i-enminder  of  the  origiual 
forest  i«  felled,  and  the  woiid  now  (H>nRibtii  wliolly  of  yuuni 
and  vigorous  titjcs.  This  rettnlt  iA  obtained  after  about  twenti 
years.  At  convenient  periods,  the  uidiealtliy  srocks  and  tlit 
injured  by  wind  or  other  accidents  are  removed,  and  in  some^ 
instanccB  the  growth  of  the  rcmBiuder  is  promoted  by  irrigatiuu 
(ir  by  fertilizing  applications. f   When  the  forest  is  approachii 

•  Aftd^  F^naOtnt.  p.  80. 

f  The  irroitiidfl  wfajoh  H  ii  moat  Important  to  <^otbe  with  wood  u  %  > 
Tatiro  intlgenoe,  and  wLioh,  ftko,  oui  bwt  tn  Rpsrad  Croin  a^oaltaral  dm^ 
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to  matarity,  the  orif;;maI  processes  already  described  oro  re> 
pented  ;  and  as,  in  diftVrent  ymrts  of  au  exteiituve  foro^t,  tliey 
would  take  place  at  diHureut  ti?ne&  in  different  xouca,  it  would 
afford  iiidefijiitcly  an  annual  crop  of  email  wood,  fuel,  and 
tindier. 

Tlio  dnties  of  tlie  forester  do  not  ond  here,  for  it  sometimes 
happens  that  tlie  glades  loft  by  felling  tlio  older  trcvA  aro  not 
snflkiently  seeded,  or  tluit  the  species,  or  £^u^ence*f  as  tho  French 
oddly  call  theni,aro  not  duly  pr(ij>ortionod  in  the  new  crop.  I?i 
this  ca^,  eccd  must  l>e  artificially  gown,  or  young  ti-eoB  planted 
in  tlio  va(^anc)ce.  Beeidcs  this,  all  tro«,  whether  grown  for 
fruit,  ior  fuel,  or  for  timber,  require  more  or  less  training  iu 


tM  stMp  hniinilnt.  Bnt  tlie  p«rfonnano«  nf  M  the  offloM  of  ths  foT««t«r  to 
the  trM — Modin^,  plAnUsg,  thinning,  trimmiug,  ujit  Kiudl;  falling^nndniBiov- 
irtg  for  coiMumptiDn — ia  moK  lahoriooB  npon  •  rapid  declivity  Umn  on  a  torel 
aoil,  nod  &t  the  some  tbue  it  is  difficult  tu  anAy  bnigntioa  ur  laaaum  to  tr*M 
■o  mtUAbod.  Exp«r<eiioe  hu  shown  that  thi^n;  U  gn^l  tdnatmgt  In  Mnractng 
tliQ  fiuxs  of  a  bill  bofon  pluiting  iU  buth  m  prcvvutiog  tlie  ws«h  of  Urn  cxutb 
\>f  chfickiDf  th&  flow  of  water  down  H»  Blop«,  ud  u  prMontitii;  a  nxttuee 
f&vonble  (or  irrie&tian,  as  well  bb  for  tDiiaoring  uid  cultivslitig  the  tnw.  But 
«r«o  wltliout  no  uxpcoMYe  m  jmoom,  vrrj  iinportent  reralU  liave  been  obtahied 
tqrBunply  ditohine^decliritian.  "  In  order  to  haBton  tbe  growth  of  wood  on  the 
flAOks  of  a  tnoant«in.  Mr.  Sogdrw  Cberoadier  divided  the  lAojus  into  uoea 
forty  or  gftj  feet  widu,  by  borUoutal  dtloh««  oloMd  M  both  ends,  and  tbaceby 
oHatned,  from  tin  of  diffrrAnt  n^fui.  ithoobi  doable  the  dimciuiona  of  IboM 
wfaidi  grew  on  n  dry  suit  of  tbe  winti  character,  where  tbo  water  woa  allowed 
toynnoRwithot)Ci>b«itroctIoii."'-DL'uu»T,  ito  Trataia }*«blua,  tta.,jtp.  fii- 
M. 

Tbe  ditehee  were  ahont  two  feet  and  a  half  deefs  and  Utre*  feet  and  a  halt 
wide,  and  they  covt  aboat  forty  fronct  tbe  beotorv,  or  three  dollan  tho  aoce, 
Thia  extmoidlnory  growth  waa  proiltioed  wholly  by  the  retentioa  of  the  rain- 
water  in  tlie  ditcbe*,  whence  it  filtered  through  the  wboie  aoil  and  tupptied 
moiiirtarB  to  the  nwia  of  the  trvea.  Itni^y  be  doubted  wheUierfn  adfamta 
oold  enoo^  to  freoM  the  entire  oontente  of  ^e  ditdiea  in  winter,  It  would  sot 
be  otpedlent  to  draw  off  the  water  in  tbe  aatoinn,  aa  the  preeenoe  of  ao  Urge  a 
ijnantlty  of  toe  in  the  ikuI  uii:ht  prove  Injnrioaa  to  treea  too  yooag  and  aiaall 
to  dielter  the  groond  effeotoally  agaitut  froet. 

GbewDdler  oompatea  that,  if  the  annool  growth  of  the  pine  in  the  nuuihy 
and  loo  humid  eoti  of  the  To^«a  be  lepreeanted  by  one,  it  will  eqnal  two  la 
onUaaiy  dry  groand,  fear  or  five  on  dope*  so  ditohed  or  gnded  aa  to  retain 
the  water  flowiiy  upon  th«m  tram  rooda  or  eteep  deolhritien,  and  aia  wbRro 
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order  lo  yield  the  best  retunia.  The  experiments  of  the  ViconitO 
do  Conn-al  in  Bvlvicnlturo  throw  much  light  on  this  Bubjeut,and 
show,  in  a.  miTSt  intorostiiig  way,  the  iniportaiico  of  pmiiiDg 
forest-trees.  The  principal  feature  of  De  Coiir^'al's  very  suc- 
cessful method  is  a  eyetematieal  mode  of  trimming  whiuh  com* 
polrt  the  tree  to  develop  the  stem,  by  reducing  the  lateral  ratui- 
tication.  Beginning  with  young  trees,  the  buds  are  rubbe<l  oflf 
from  the  steius,  and  snperfluous  lateral  shoots  are  pruned  down 
t<->  the  trunk.  "NVlieu  Inrge  trees  are  taken  in  Imnd,  branches 
which  can  l>e  §pai-ed,  and  wh<ee  removal  is  nee<»Asary  to  obtaun 
a  proper  lenj^^h  of  stem,  are  vory  smoothly  cut  (iff  quite  olose 


tliQ  earth  is  k«pb  anfllciently  i»oi»t  hy  uitUtnitiau  fiotn  rauuiog  brooks— 
Oomiitsii  Rmdusd  PAauiintieda  JieieneeM,  t.  xix. ,  Jiiiitet,  U.I'O.,  1844,  p.  1A7. 

Th«  eff«ot  of  aocidenbU  irtigatiou  im  m'«11  ithcwu  in  the  growth  of  Ihd  troot 
fdanlod  along  thn  ooiials  of  irritfatinn  wbioh  trarerAH  the  RfiiiLt  in  innnjr  {Xtrts 
of  Jtaly,  Tbej  flvuiiah  motfl  luxurlaatljr,  tti  sp!t«  of  ooatisual  loppiotf,  maA 
yield  ft  ver^  Important  c»ntribi)tioD  bo  the  ctook  of  fuel  for  donmtlo  na* ; 
while  (re««,  iltaated  80  far  from  ovmU  a>  to  be  out  of  the  roach  of  iaflUnAim 
from  them,  are  of  modi  elowsr  gtowtfa,  uoJer  drcunutaooai  otherwiM  «qnllj 
favorable. 

In  other  experimeote  of  Cbemndter,  nnder  better  coi).1itJoiu,  theTield  of 
wood  WM  i&crc«uMd,  by  Judiciou«  irriifatian,  in  the  ratio  of  eevea  to  oua,  tfae 
proflts  in  Miat  of  twolre  to  odu.  Al  the  Exposition  of  IS55,  ChambreleM 
exhibited  jrooog  ttrnm,  whioh,  in  four  yeam  from  the  seed,  had  grown  U>  Lbe 
height  of  lilxteen  and  twenti^  feet,  and  the  circTiinfcreiioe  of  ten  and  twelre 
iaobea.  OheTandier  ezpeiinteDted  wilh  vartoua  miuiureft,  aod  found  that 
aonae  of  them  might  be  prodtablf  applied  to  yovug  but  not  to  old  cr<H>a,  the 
quantitj  reiiuirp<.I  in  the  latter  ok^e  Ix^ing  too  greaL  Wood-aahun  and  the 
refnae  of  eoria  faictories  ore  partionlarly  cecommended.  See,  on  the  manimt^ 
of  treee,  Chkvasdiku.  litch«rt/ua  aur  Vtmfioi  dt  dieen  amwidiinwib,  et«., 
Paula,  18&d,  andEouKHLK,  UrutuUiUt  der  KAnatiieAsn  Dingaag  Jn  Ktuvtfvl- 
f(Mw«H«i.    Wien,  1H(I.1. 

I  have  area  an  extraordinArr  growth  produced  In  flr'treee  bf  tbeappUoatliM 
of  eoapeuda  i  in  a  yvtiuif  aud  aivkly  ohen^-trc-e,  hy  heaping  the  chips  and 
doit  frtMn  a  muble-(|tiar>7,  to  tlin  height  of  twi  or  thmo  feet,  over  the  trtnm 
■ad  azoBDd  the  etcin ;  and  uaecw  have  oome  to  Toy  Icuowledge  when)  like 
remlte  followed  the  planting  of  vioea  and  tr«eii  In  bold  half  filled  with  Cnf- 
meata  of  plaeter-eaetings,  and  mortu  from  old  building*.  Ch«Tandi«r'a  expisi- 
tnenta  in  thtt  irrigation  of  the  foraat  would  not  hara  been  a  *'  new  thine  tuider 
the  Bun  "  to  wiee  King  Solomon,  for  thai  inouanih  a^i :  "  I  made  me  pooU  ol 
water,  to  water  therewith  thewoodthatbriogoth  forth  treca"    EaoleoL  ii.  ft. 
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to  tho  trank,  and  tho  cxpoecfl  enr^Q  ifi  itAmediatety  bnishod 
over  with  mincral-ooal  tar.  Wlien  thus  treated,  it  ie  said  that 
the  hcaliup  of  the  woiiud  is  perfect,  and  without  any  decay  of 
the  tree.  Trees  trained  by  Do  Oiiirval'a  nictliud,  whieh  i»  imw 
auiverBally  approved  aiid  mueh  praciistnl  in  France,  rapidly  at- 
tain a  j^at  bui<^hL  They  gruw  with  remarkable  ^traigbtuoss  of 
6teut  aud  of  gnuu,  auU  their  timber  eutumuQds  tho  highest 
prica* 

A  system  of  ])lftntation,  ei>ecially  though  not  exchiRirely 
suited  to  very  moist  sniU,  roeoiumended  by  Dtihamel  a  hundred 
years  a^,  has  been  revived  in  Germany,  within  about  twenty 
years,  with  uinch  success.  It  is  called  hiU-platUinfff  and  eon- 
BiHts  in  placing  tlie  young  tree  upright  on  the  ^!«eiiswurd  with 
its  roots  properly  spread  out,  and  tlieu  eovei'iiig  the  roots  and 
supporting  ^o  trunk  by  thiek  soda  cnt  so  as  to  form  a  eircnlar 
hillock  aivmid  iLf  By  this  method  it  is  alleged  trees  can  Ira 
grovm  advantageously  both  in  dry  ground  and  on  humid  soils, 
wliero  tboy  would  not  strike  root  if  planted  in  holes  after  the 
titiuul  uiannor.  If  there  Ik  any  triitli  in  the  theory  of  a  de^io- 
uatang  action  in  ewrgrcon  trees,  plantations  of  this  eoit  might 
haro  a  valae  as  drainers  of  lands  not  easily  laid  dry  by  other 
prooenes.  There  is  much  ground  on  the  great  prairies  of  the 
West,  where  exporiments  with  this  metliod  of  planting  are 
strongly  to  be  recumincnded. 

It  is  common  in  EnroiK)  to  permit  the  removal  of  the  fallen 
leaves  and  fragments  of  bark  and  branclice  with  which  tho 
foroat-eoil  is  covered,  and  eomotinies  the  cutting  of  the  luwer 
twigs  of  evergreens.  The  leaver  and  twigs  are  prineipiilly 
med  «A  litter  for  cattle^  and  Hnally  as  mannre,  tlio  luirk  and 

*  See  Dk  Ooobvai^  TatBe  tt  amdaita  4e»  Arhm  /orttHhm  «(  avlm  arArta 
dt  ffraitdt  dhn^Htiim.     Puiii,  1861. 

The  most  important  part  of  Vlsoonni  da  Oovrral'i  aTstem  irlU  be  found  In 
L'i^ff^*  dM  ArtTM,  par  U  OmU  A.  Dm  C»ra,  ma  aAminbXa  Utilo  tncntl**, 
of  wliirh  nnmeroai  edltlom,  wt  tb«  prion  of  ime  fruic,  luro  bom  pritiUil  tuaoe 
tb«  flnt,  of  1904,  vkI  which  ongfat  Ut  be  tmulatoil  md  pablU]i«(]  wtthoot 
ddar  in  the  United  StatcA. 

t  Sm  UASTEvrm^  VArt  de  Phmdr,  fiwdiriK  par  Stamper.    Parit,  1 9681 
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wind-fallen  branches  aa  fueL  By  long  U8a<,^,  sninetimes  by 
exprtsw  grant,  (hb  privilege  has  liecome  a  veKled  rjglit  of  the 
population  in  tlie  noighlwrhood  of  muny  public  and  evi?n  large 
private  forests;  but  it  is  geuerally  re;;arded  as  a  serioUB  evil. 
To  remove  the  leaves  and  fullun  iwi^s  is  to  withJraw  nmuh  of 
the  pabaliiiii  upon  which  the  tree  wjis  destined  to  feeJ.  The 
fiQialL  bi-HUuhca  and  leaves  nre  the  parts  of  tl^e  tre3  which  yield 
the  larj^est  proportion  of  ashee  on  combustion,  and  of  cours© 
they  supply  a  great  amount  of  nutriment  for  the  young-  shooU. 
"A  cubic  foot  of  twigs,"  Bays  Vanpell,  "yields  four  tiniw  aa 
much  ashes  as  a  cubic  foot  of  stem  wood.  .  .  For  every 
hundred  weight  of  dried  leaves  carried  oflf  from  a  bocch  forest, 
wesacrificc  aiiundred  and  sixty  cubic feut  of  wuod.  The  leaves 
and  the  mosses  are  a  substitute,  not  only  for  manure,  but  for 
ploughing.  The  carbonic  at'id  given  out  by  decaying  leaver, 
when  taken  np  by  water,  8er\'ee  to  dieaolro  the  mineral  c<»n- 
Btitnonts  of  the  soil,  and  is  particularly  active  in  disintegrating 
feldsimr  and  the  clay  derived  from  its  de<:t>mpmiiti()n,  .  . 
The  leaves  belong  Ui  the  soil.  Without  them  it  cannot  preserve 
ita  fertility,  and  cannot  furnish  nutriment  to  the  beech.  The 
trees  laiignish,  produce  seed  inca[table  of  germination,  and  the 
sptnitancous  self-sowing,  which  is  an  indisjHMisable  element  in 
the  best  systems  t»f  eylvicultui-e,  fails  altogether  in  the  bared  and 
impoverislied  sthI."  * 

Besides  these  evils,  the  removal  of  the  leaves  deprives  the 
Euil  of  much  of  that  spong)*  character  which  gives  it  such  itO' 


*  TACTBT.L,  aSfftau  JndatTidriag  t  de  Dnnake  8kOM,  pp.  2B,  4a.  VuipcU 
farther  obaorvM,  on Uie  pa^  ]aatquot«4:  "  The  maornl  of  lettvM  u  tnjiuioaa 
lo  the  forost,  noi  otU;  becmttBe  it  retards  the  growth  at  (iv««,  bat  kUU  mm* 
bocMue  it  disqnaUBiM  tli«  mU  for  tih«  pruKlactioa  of  |»ni<»ilu  wp^dm.  \Mmq 
tiM  beooh  IttoffniahM,  and  tha  dsralopmait  of  Um  bxandiM  ib  leaa  ligoroom  and 
iti  orown  Lcm  tpnaAiag,  it  bccanus  tniaU«  to  n^A  the  «iicro*cbneot«  of  Om 
Br.  Thin  tattor  tno  thhrtui  in  aa  tufvrior  nil,  lud  b«iiig  no  longer  stidad  bf 
ibe  thlok  foliage  of  th«  lte««h.  It  «iiread«  gradualljr  throagb  Lbe  wood.  wUla 
tba  boecb  latmati  bafor«  it  and  fiuall;  perishes." 

Soblelden  oonAnna  tba  opinion  of  Vaupnlt,  antl  adds  maaj  Impuitaot  (Amu- 
THiioiu  oo  this  tabioot. — Fdr  Aitm  ttiuf  Wald,  pp.  04,  00. 
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mcnse  mine  as  a  reaervolr  of  moietnre  and  a  regulator  of  the 
flow  of  springs;  and,  finally,  it  exjKjttes  the  aurface-roots  to  the 
drying  influence  of  sun  aiid  wind,  to  accidental  mechaiiical 
injury'  from  the  trCHd  of  aiiSiimls  or  meii,  and,  in  cold  cliuiates, 
to  the  destructive  effects  of  froet. 

Protection  a^imt  WUd  AnitnaU. 

It  is  often  necessary  to  take  measures  for  tlie  protection  of 
yonng  trees  against  the  rabbity  tlic  mole,  and  other  rodent  qnad' 
rapcds,  and  of  older  ones  against  the  damage  done  by  the  larvm 
of  insects  hatched  upon  the  snrfaccor  in  tho  tissues  of  the  bark, 
or  even  in  the  wood  itself.  The  mneh  greater  liability  of  the 
artiiicinl  than  of  the  natural  foreet  to  injnry  from  this  cause  ia 
perhaps  tlio  only  point  in  which  tho  snperiority  of  tho  former 
to  the  latter  is  not  as  marked  aa  that  of  any  domesticated  vege- 
table to  its  wild  reprc&ciitative.  But  tho  better  quality  of  tho 
wood  and  the  much  morn  rapid  growth  of  tho  trained  and 
regulated  forest  are  nhuiidaiit  coin {>e ligations  for  the  \om  thus 
occasionod,  and  the  pn^iress  of  entomological  science  will, 
perhaps,  suggest  new  methods  of  preventing  tho  ravages  of 
insects.  Thus  far,  however,  the  eoUection  and  dcstnictiou  of 
tho  c^is,  by  simple  but  expetitiive  means,  lias  prove<1  the  most 
effectual  remedy.* 

*  I  tuiTo  mnukad  tiMvhoro  that  moifc  InMoti  wbiah  dvpoait  and  Itatoh 
their  DgK"  In  the  wood  of  tfaa  luitiml  f orart  ooofine  thMOMlTM  to  dead  tnes. 
Not  only  1b  thin  tho  fact,  bat  it  ie  &li>o  lni«  that  ntiio;  of  the  bor«n  aUaok 
0DI7  freaUj-oul  timbui.  Tlitiir  mhuou  of  laboz  ia  a  ehort  one,  wid  anlMK  tho 
tre«  !■  out  doiinff  this  period,  it  is  B&f>  fnun  th«in.  In  soidihct  joa  maj  b«ftr 
them  plji&g  their  auffut*  in  tho  wood  of  a  yvaog  pitu  with  aoft,  gnwn  bari^  aa 
joa  Ht  apcm  ica  tmnk,  within  a  week  aftor  it  liaa  been  felled,  tmt  tha  wind- 
taUa  of  the  winter  lie  ouiujurad  bj  the  worn  and  eroaandecaj-ed  torcittitiuiea. 
1q  the  pine  wooda  of  Now  Enslaud,  nft«r  Iha  regular  Inmbennan  hoa  rvmored 
th»  atonding  traaa,  th^ae  old  gnnka  are  hauled  oat  fawn  tbenuwaetand  karaa 
wUob  baU  ooTor  tham,  and  often  tnnilafa  axarU«tt  timlier.  Tha  riow  dacar 
of  each  timbar  in  the  woodR,  ic  ntay  b«  romarlcMl.  fnmiahea  another  proof  of 
tho  nnifanoi^  of  tstDpcratan  and  bamitlitj'  in  the  (tireet,  for  the  tmnk  of  % 
tr«t  Ijing  00  graH  or  plougbiand,  and  of  oooim  ezpoaed  to  all  the  altema- 
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ExcUmtm  of  Domestic  Qitadi-^jnds. 

But  probatfly  the  most  imjx>rtant  of  all  rules  for  tlie  go^tm- 
meut  of  the  forest,  wliellier  natural  or  artificial,  is  Ihat  which 
jireBcrihcs  Uio  absolute  exclusion  of  all  doincatic  quadmpcdg, 
except  swine,  from  every  wood  wliich  is  not  destined  to  be 
cleared.  Ko  growth  of  young  trees  is  po6sil>lc  whore  homed 
cattle,  sheep,  or  goats,  or  even  horses,  are  permitted  to  pasture 
at  any  season  of  the  year,  though  they  are  doubtless  most  de- 
Btruirtivc  when  trees  arc  in  loaf.*    These  animals  bro%vsc  upou 

tUmcofeliniate,  tuunUjTUiBU  complete  docorapositioa  for  ftgttieraUon.  Tha 
lomttt  of  Roiope  exhlhU  timiW  fai^titi.  MVuelj',  in  a  ilcflcriixiAn  of  liiA  priTni- 
Uw  wwhI  oI  Nuuvruld  in  Lower  Aiuttia,  wayt  that  tbo  wiiidfrUl*  cequiml  from 
151)  to  200  yean  tor  entiie  dtcaj. — Did  OaterTaeM»ehen  AtpenianJtr  und  Art 
Fonte,  p,  813. 

ThB  compontiTA  Immtijilt?  of  the  American  n&tlTe  fareat<i  from  attacks  bj 
taueets  U  pezhapi  in  khud  dagroe  due  to  tlto  fact  that  tk«  EorDpeozi  dectmo- 
tm  trtbea  have  not  y«t  foand  their  way  acroHs  the  ocoao,  and  that  our  noUvc 
ipedas  art  leaa  injuiioaji  to  living  trcu.  On  the  Earopean  UgnlToroiu  iuMota, 
■oe  BiBSfOSI,  Mnntinis  ffjrte  For*»t^,  Sil  edinone,  pp,  Stid-flTS. 

*  Altboneti  tlto  eoonomj  of  tbe  foraiib  faae  raeeirDd  litUe  sttaatioa  In  tli* 
United  States,  no  loror  of  Ancriciau  nature  can  have  tailed  to  otMerrt  « 
narked  diffenncc  between  n  native  wood  from  which  cattle  an  «zolad«d 
and  one  whore  thi?  are  pitmuttod  to  browss.  A  few  BwaBona  aaffiao  for  ihfl 
total  Bxtirpatioa  of  the  "nnderTinish,"  including  the  joonf  tr«ei  on  which 
akme  tJie  rcpnjducticm  of  th«  furr«t  dvpcnds,  and  all  the  bnu:ohes  of  tlinm 
of  lai^r  gron-tJi  wh<r.h  hang  within  reach  of  the  cattle  aro  ttripped  of  tbeit 
bud*  and  lcav«a.  and  aoon  wither  and  fall  olf.  Th«wo  uffectB  are  obaamble 
at*  great  dltctanoe,  and  a  wcnl-p<uttitm  in  rpry-gnixK-d,  a)  meet  as  for  as  it  can  b« 
•Ma,  bv  the  rcfulaTitr  witb  wbicti  it«  lower  foJtage  t«nninat««  at  what  Bn*- 
Ub  somewheie  doUb  tbe  "cabUe-Une."  This  olwo; a  rtinn  ponllcl  U>  tlM  atr^ 
taoe  of  tbo  ^tomiA,  and  U  determbied  hj  tk«  height  to  which  donwatto 
qoadiupeda  can  reach  to  feed  npoa  the  leavea  In  deariibln^  a  vUt  to  tk* 
ffwDd-daool  farm  of  Sao  Boaaore  near  Pina,  whfro  a  larg*  herd  of  oqmala  is 
kepi,  Chateaavieux  aaye  :  "  In  paadn^  thLTou}[b  a  wood  of  eTei^rcon  oakSt  I 
obacTvod  that  all  tbe  tniga  and  foUa^  of  the  tri>«swer«  dii^ed  tip  to  tk* 
kngfat  iif  about  twelve  (Mt  above  the  grotind,  nithont  leaving  ■  iiagia  ftt^ 
fadknr  tliot  level.  I  was  informed  that  the  browiing  of  Um  imwWi  bad 
tdmmed  tbe  tiwa  aa  high  aa  tbe;-  oovld  reaolk**— LliU.Df  dk  CtfATMAC- 
viKTTX,  /^crrcj  aitr  rifdtfrt,  p.  113. 

firowntte  animaU.  and  moat  of  all  the  goat,  ore  ooiMidered  by  foraatca 
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the  terminal  bnds  and  the  tender  branches,  thereby  sttjnting,  if 
they  do  not  kill,  the  votmp  ti"ec«,  and  depriving  them  of  all 
beauty  and  vigor  of  gniwth. 

■■  aorc  ImjariOBa  tc  Uu  growth  of  7000^  tnw,  »ad,  thnnsfure,  tu  tlte  npM* 
dtiotioii  of  tli«  foTMt,  Umh  &lmo<it  uij  otlwr  dMtrnctiTG  catiM.  AocordiDg 
to  BeatMu'a  Saint  Ildena,  Uitxwluctotjr  chapter,  uid  OuwIb'h  JwrmU  vj  lit- 
%oar«fi«i  th  Gsalogjf  and  Xatttrvt  UUlorg,  px*-  ^^'  "^t  ^  ^^  t^*  R0At4  n-hich 
dcietro.rtxt  tho  bcsatiful  forosts  tfant,  threv  htmdrod  and  fifty  yauzs  ago,  oAt- 
or«d  •  contlaootu  mrfaoe  of  noi  l«ai  tliui  two  thoomiu)  tan*  fn  the  talerior 
of  tlia  uIuk!  [of  St.  Hol«ii»],  not  to  mantioa  •oattsrad  gimiiM  of  tnM.  Dar- 
win obaerrDK :  "  Dnritijr  onr  ntsT  »t  TMtpum]«o,  1  wiu  miMtt  po«ritlvtJj  BBiired 
that  Guidol-wood  formerl;  jfrow  in  alniadkiicv  011  th«  inliuiil  vf  Juna  FummD* 
deft,  bat  that  tbi*  Iko  had  oow  bcoomo  nntirrty  extinct  thorc,  haHt^  b«en 
estiriMled  brtbA  foola  which  cailjr  nsTitfatore  hnd  intmlncAd.  Tho  neigh* 
borioff  taliindi,  to  which  gosta  hnvo  not  bc«n  carried,  stJU  aVrand  la  Msdol* 
wood.'* 

In  the  winter,  th«  dc«r  tr{b«.  csprcinlly  tb«  great  Ameriean  moflii»4e«r, 
mhitiittB  luaub  do  the  bnds  and  ^otiiig  v|irDtitfl  of  trMK ;  y«t— -thuRgh  tkon  Um 
dc«tra«tiion  of  ths  wolTf«  or  fmtn  •mho  not  MuiJj  Axphdnnd  oiuim.  thcoe  loiter 
ODimals  haro  no«Dtl7  mnltjptiod  so  ropidljr  io  oomv  parta  of  North  AnMriCA, 
thai,  not  feng  aEiw*,  fbar  hundred  »f  Otem  on  mU  to  hors  be«n  killed,  In  ona 
■narrn.  on  a  tanitoiy  in  Xadna  not  oompdaiDg  mora  than  ona  haulrad  ai>d 
flftgraqnan  niilaa— th<>  wild  browidtig  qnadrapoilfi  am  rarvij.  if  ar«r,  nanerona 
eaoagh  in  ragiooa  aninhabiU.-d  bj-  man  to  prodaco  nn*'  wnBibte  cffvet  on  the 
oooditaon  of  the  torast.  A  neaMin  whj  thcj  ara  lew  iojnrions  thnii  tho  goat 
to  jrouny  trcM  maf  ba  that  Uiej  resort,  to  this  natriaeuli  oa\y  in  thn  winter, 
wbea  the  gxama  and  i>>iral«8  are  leaflHH  or  covered  with  nnow.  whrrra«  the 
geafe  ISaeda  upon  budn  and  jonng  ahoots  pdndpallr  fn  the  ouaoa  of  growtk. 
Bow«T«r  tbi»  nm?  tw.  tfas  natural  law  of  oonaainptloa  and  aopp^  k»epa  She 
flonat  growth,  oud.  bho  wild  aaiinata  wtuob  Uv«  on  its  ptwdnoln,  in  tnnh  a 
Mate  of  eqailibriain  as  to  inrore  the  indcfitiito  omtinuaBoa  of  both,  atid  the 
parpetnity  at  neithat  ia  andongand  nntil  nan  intarforea  and  deatroya  the 
halanee. 

When,  howcrer.  dear  an  bred  and  protected  in  parks,  tb«7  mnltiTdy  IDce 
donMotio  cattle,  and  become  equtillj  iii]nriot»  to  treoi.  *'  A  few  yuata  ago," 
MjK  riaT^,  *'  there  were  oot  less  Chan  two  tboaiaud  deer  of  diflereat  agaa  la 
the  foreat  of  Footaineblean.  For  want  of  giuan,  they  ore  driven  to  the  tn«^ 
and  they  do  not  apara  them.  .  .  It  laeatenliitad  thnt  the  taorowabigof  tbcM 
animaltf,  and  the  oonacMjuent  rfltatdotion  of  tho  growth  of  the  woo>1,  dimla- 
iahea  the  ■nt"i«i  product  of  the  fore*t  to  the  ontonnt  of  two  humlrMl  ihoti* 
oand  (mbic  feet  per  jear,  and  besidca  thta,  the  tr«««  tfaua  umtllAted 

oie  Rouo  ^xhAoated  and  die.  The  deer  uttaek  Ihe  pinaa,  too,  toartn^  off  the 
bark  in  long  stripa,  or  nibtring  theJt  haada  agaiuat  ihaia  when  aheddtiig  tbair 
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lihreft  Fire^. 


The  diflScnlty  of  protecting  the  woods  against  accidental  or 
incondiarv  fires  ia  one  of  the  most  discouraging  cironnL^tnnoos 
attemliiig  the  proserration  of  natural  and  the  plantation  of  arti- 
ficial forests.*     In  the  sjvmtnncous  wood  the  spread  of  fire  ia 

homB ;  and  KmietitnM,  in  grovcii  of  more  tban  m  hondred  hectam,  not  on« 
piDelsfooDil  imlDJured  by  tfaem." — licmie  da  Ife^a Monda,  JIaif  IB6S,  p,  137. 

Tanpell,  Uiougti  agreeing  with  other  wriUsni  na  to  the  injorj  done  to  the 
f oreat  by  nu»t  domestw  aninmU  and  bj  half-tDmod  dmir — which  bs  illastt»ta« 
In  on  intercBting  waj  ia  bin  pofftbnmoua  work,  Thf  Diiuigh  ir^wda—tliiaks, 
nerertfaelestt,  that  at  the  sottsOD  whao  the  must  i«  f  oUiog,  svln«  am  nohor  oae- 
tal  tban  otherwise  to  foiestti  of  beech  and  oak,  by  trvadinff  into  tbo  ffnrand 
and  thu!<  mowing  bfleohoaU  and  oooniH.  ood  by  d«attoyiiig  molea  Ukd  aaim. — 
Df  liiiiuke  Skate,  p.  19.  Heguscber  U  of  tbu  muhb  opinion,  and  adds  thmt 
•wiiio  (Imtroy  injuriooa  inBeota  and  their  lontD. — Mmwio,  etc,,  p.  233. 

Bealut«in  cnmputes  that  a  park  of  3,S0O  acrea,  contaitung  220  amt  «( 
manh,  250  of  fieliU  aud  uieadon's,  and  ths  remaining  2,000  of  mmd,  tamy 
keep  8M  deor  of  different  Bpedica,  47  wild  boais,  200  ham,  100  rahbita,  and 
an  indeSniW  aaiuber  of  pheaaanlf^  Tiime  animals  wontd  raqoiie,  in  wLnter, 
188,000  poanda  of  hay,  and  8^,000  pounds  of  potatoea,  becidea  what  tb«7 
would  pick  up  thcmaelrea.  The  natural  fonurt  moat  thickly  peopled  with 
wild  animalN  wonld  aat,  in  temitoriLto  clinuit<<ii,  contain,  upon  tha  arccafo, 
(NW-tentb  of  theoe  uumben  to  Iha  aaue  «xt«at  of  surface. 

*  The  diaa|q>eannca  of  the  foi^iita  of  ancient  Onul  and  of  raedisBral  France  haa 
bften  aaoribod  by  Bom«  writera  aa  much  to  aooideuLal  ilrw  aa  to  tbo  felling  of 
tha  trees.  All  the  treatuiea  on  Bjlnciilture  ore  full  of  narratiTOS  of  foreafi 
Area.  The  woods  of  Coraica  and  Saidiuia  liave  nuffcred  iucaionlablo  injurj 
froB  thia  canae,  and  notwitbatanding  the  reaistance  of  the  cork-tTM  to  injury 
ttom  eommon  firw,  th«  gorcmuteut  foreata  of  this  valuabla  traa  in  Algeria 
Itava  been  lately  often  set  on  &r«  by  the  aativoe  and  lur«  auatained  imntense 
damage. 

See  ao  articte  by  YsabMii  in  tlie  .Annate*  JP^anttiire*.  i.  Ill,  p.  43B ;  DsbLA 
Marmora,  Vo^gt  m  Sarthiffnt,  2d  editioo,  t.  i.,  p.  436 ;  lUtista  Fortttala 
44  Begiw  iTItaHa,  October,  I860,  p.  474. 

Fire  or  six  yean  iigo  I  naw  in  Switzerland  a  omuItlerablQ  forest,  dllefly  vi 
young  trcca,  which  had  reoeDtljr  boon  burnt  OTer.  I  wna  told  that  the  poor  of 
the  oommnae  had  long  enjoyed  a  ooiitaniaTy  pririlego  of  oarrying  08  dMd 
wood  and  windfaUii,  and  that  thoy  had  aet  the  (ore»t  on  firo  to  kill  the  fcrees 
and  ao  iocreaae  the  anpply  of  ihth-  Inwful  plunder. 

Tba  customary  righla  of  herUsmea,  shepbcnla,  and  pcaaanta  in  European 
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Bomewliat  relanletl  by  the  general  humidity  of  the  soil  and  of 
tlio  beds  iif  leaves  which  cover  it  But  in  lon^; droogfats  the  su- 
perficial layer  of  leaves  and  tlio  dry  fallen  branches  become  aa 
iufbLmmable  a»  tinder,  aud  Uie  firo  Bprcada  with  foarfal  rapid- 
ity, until  its  further  progress  ia  arrested  by  want  of  material, 
or,  more  rarely,  by  heavy  rains,  eometimos  caused,  as  many 
meteorologists  sujjptjse,  by  the  conflagration  itself. 

Li  the  artificial  forost  the  anunal  removal  of  fallen  or  half- 
dried  trees  and  the  leaves  and  other  droj>ping8  of  tiie  wood, 
though  otherwise  a  very  injuHmif  practice,  much  dimiiiisboe  tho 
raj>id  sprearl  of  fires ;  and  tlie  absence  of  combustible  under- 
wood and  the  greater  distance  between  the  trees  arc  additional 
safeguards.  But,  on  the  otiier  hand,  the  comparative  dryness 
of  tlie  soil,  and  of  any  leaves  or  twigs  which  may  remain  njwrn 
it,  and  the  greater  facility  for  the  paeuge  of  wind-cnrrenta 
through  a  regnlarly  planted  and  more  open  wood,  are  circutn- 
stances  unfavorable  to  the  security  of  the  trees  a^inst  tJiia 
funni«lnbIo  danger.  The  natural  forest,  unless  ifi*jlated  and  of 
small  extent,  can  be  protected  from  fire  only  by  a  vigilance  too 
ooslly  to  be  syetomatiMilly  practised.  Bnt  tlio  artiticial  wood 
may  be  9ecnre{l  by  a  network  of  ditches  and  of  paths  or  occa- 
Eioual  o|)cn  glades,  which  both  check  the  running  of  tho  firo 
and  fumieh  tho  means  of  ap]>roaching  and  combating  it,* 

The  cxjKjHcnce  of  1871  ought  not  to  bo  wholly  without  value 
as  a  lesson.  It  is  not  possible  to  estimate  the  damage  by  fortet 
firoB  in  that  disastrous  year,  in  what  were  lately  the  North-weet- 
cm  States,  and  in  Canada,  but  as  the  demand  for  lumber,  and, 
oouscquently,  ita  market  price,  are  rising  at  a  rale  higher  than 
the  interest  on  capital,  in  a  geometrical  ratio,  one  may  almost 

foraito  an  often  an  InrnpenhU  obstacle  to  tbn  mwoan  sC  ■ttompti  to  ptewrv* 
Uu  woods  or  to  iiii]>ToTe  Uieii  oondltioD.  Boo,  on  tUj  nbjMt,  Altrkd 
MAUltY,  L/t  mdena  FvrfU  tU  la  f/aulr,  chap.  xxix. 

•  tt  i«  RtAted  tluit  in  th«  pin©  woods  of  th«  LiumIwi  of  OmBtraoy  m  Are  has 
IMTftr  boon  knawn  Ut  croM  a  rmilwoj -tnck  or  b  coniinoa  roiul.  8«e  J)t$  /n- 
cmdUm,  rtc.,  daiu  la  Region  da  Mavrm  in  the  Hrpiui  dot  MataU  ForiU  (or 
FoLmair,  t99i.  Man;  otiicr  important  articlcM  no  tliia  nibject  will  b«  fooad 
in  other  nambem  of  the  Mmo  toit  Taloabla  periodlouL 
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■ST  it  »  protMble  dut  ten  jemn  hence  those  fires  will  be  tltonglit 
to  liftTe  dimiaUwd  the  n»*yimil  wealth  bj  «  Uiger  amoant  than 
eren  the  terrible  omflagndoa  it  Chio^a 

There  k  do  good  reaiOD  wbr  bwinoce  otHDpaiues  should 
DOl  goanntee  the  prupnetor  of  a  wood  as  well  a»  the  owner  of 
a  booae  i^&hi«t  damage  hy  fire.  In  Europe  there  is  no  c<mi- 
cdvable  liability  to  peeoniar^  Ioea  which  ma^  not  be  uunred 
against.  The  Ameiican  oompaniea  mi^t  at  firet  be  embar- 
raased  in  estimating  the  risk,  bat  the  experience  of  a  fow  years 
vonld  Bnggcet  safe  principles,  and  all  partica  would  find  advan- 
tage in  this  extension  uf  security. 


i 


JF&reti  Le^Ulatian. 


I  Iiare  alleged  sufficient  Tcasons  for  beliering  that  a  desola- 
tion, like  that  which  luu  orenvhelnicd  many  once  beautiful  and 
fertile  re^iuus  of  Kurope,  awaits  an  important  part  uf  tlio  terri- 
tory of  the  United  States,  and  of  other  cuinparatively  new  coun- 
tries uTer  which  European  cinlization  i&  now  extending  its 
Bway,  nuleaa  pn>mpt  measures  are  taken  to  check  the  acriou  of 
dcdtmctire  causes  already  in  operation.  It  is  almost  in  Tain  to 
expect  that  mere  restrictive  legislation  can  do  an>'thliig  effect- 
ual to  arrest  the  pn^grcss  of  the  evil  in  those  countries,  except 
so  far  as  the  state  id  etill  the  proprietor  of  extensive  foresta, 
Woodlands  which  have  pasaed  into  private  hands  will  every- 
where be  managed,  in  spite  of  legal  restrictions,  upon  the  same 
economical  principles  as  other  possessions,  and  every  proprietor 
will,  as  a  general  rule,  fell  hia  woods,  nnlcsa  ho  bolicvcs  that  it 
will  be  for  his  jwcnniary  Interest  to  preserve  them.  Few  of 
the  new  provinces  which  the  last  tliree  centuries  have  brought 
nndcr  the  control  of  the  European  i-ace,  would  tolerate  any 
interference  by  the  law-making  p<.>wer  with  what  they  r^ard  M 
the  most  sacred  of  civil  ri^jhts— the  right,  namely,  of  evoiy  man 
t«t  do  what  he  will  with  his  own.  In  the  Old  AWrld,  e%en  in 
Frftnf*,  whose  people,  of  all  Enropean  nations,  love  best  to  be 
governed  and  are  least  annoyed  by  bnreancratic  Bupervisiutt) 
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law  has  been  fotmd  impotent  to  prevent  the  destruction,  or 
^vastcfiU  economy,  of  private  forotits ;  and  in  ma.ny  of  the  moini* 
taiiiuiis  dcparlnK^nta  of  ttiat  coinitrj,  iiiaii  is  at  tlib  mumeut  so 
fust  Ittying  wai^te  tho  fttL«  of  the  CAiih,  tlmt  the  mot>t  scrioiiB  feore 
arc  entertained,  not  only  of  tlie  depopulation  of  tlioau  districts, 
hnt  of  enonnoufi  misdilcfs  to  tlio  provinces  contiguous  to  them.* 
The  only  legal  pruvisiuns  from  wliicli  anything  is  to  be  hoped, 
are  euuh  as  shall  make  it  a  matter  of  private  advantage  to  tha 
landholder  to  spare  the  treos  upon  his  grounds,  and  promntxs  tlio 
growth  of  tho  young  wwhI.  Modh  may  Ihj  done  by  exempting 
standing  forests  from  taxation,  and  by  imposing  taxes  on  wood 
felled  for  fuel  or  for  timber,  something  by  more  stringent  pro 
visions  agahist  truHpassea  on  forest  pi'0|>orty,  and  8i>iiielhii)g  by 
premiums  or  honorary  distinctiouE  for  judicious  managemcut  of 
the  wtKxIs ;  and,  in  shiirt.  in  this  matter  rewards  rather  tlian  pnn- 
islnnents  must  l>e  the  incentives  to  obedient^e  even  to  a  p^'lii'y  of 
enlightened  self-interest.  It  might  be  difficult  to  induce  gov- 
ernments, general  or  local,  lo  make  the  necceear)-  appropriations 


*  *'  The  UwB  affmJturt;  cleiuiiiK  hftre  nnror  b««o  Mo  to  piWvoDt  th«aft  opera- 
tioiM  wtwD  the  proprietor  founil  Ma  wlTaatagv  ia  tli«ni.  uid  tho  Ions  *etiw  ot 
rojal  ordinanoei  and  decreeti  of  p*rlliimeDbi,  pnicUimcd  from  the  dAjm  of 
Cbarlgmogne  to  ooi  own,  vritli  a  viow  of  Moiuiutt  forut  property  agsioM  the 
improvidence  of  iU  ownen,  Iutc  Herved  only  to  diow  the  iupatcnce  of  IcKidft- 
tiTO  action  on  tbU  aubjixf— ClaviI,  StutiM  »ur  F£e9nomU  FfretttJfe.  p.  83. 

"A  piopfietor  can  alwA^HcontriTfttodoar  his  wooclii,  whatevar  uny t>c doao 
to  prevent  him ;  it  ia  a  ai6E«  queetjoo  of  time,  and  a  few  imprndeDt  outtbkgi^ 
a  few  aboaos  of  ths  right  of  paatorage,  sniBoe  to  deatzoj  a  foroat  in  ^lite  of 
all  repilatiooa  to  tho  ooatni;."— Duhoter,  2>t  la  lAbtrii  dtt  TrofttU,  IL,  pi. 
4SS,  as  qaotod  br  Cbiv4^,  p.  833. 

Both  anthon  bgne  that  the  preacrr&tioti  ot  tho  forest*  Id  Fiaitoe  [«  practi- 
cable  only  by  their  ttunsfer  to  tha  Btat«,  which  alonn  can  protoot  them  and 
•ecure  their  piopw  trsatment.  It  ia  miaob  to  be  feared  that  even  thii  meaniM 
would  be  Iniideqaat«  to  pr««orTu  the  tomto  of  tho  Amerioaii  Uoion.  There 
ta  Uctle  TDtpoot  for  public  prop«rtj  in  America,  and  tha  Federal  OoTeinment, 
OBitalnly,  irould  not  be  the  proper  agent  of  the  nation  for  this  pnrpose.  It 
pcOTOd  itaelf  unable  to  protacrl  tli«  liT«-oalc  wood*  of  Florida,  which  were  in- 
tandcil  to  be  praemd  for  the  oae  of  the  navy,  and  it  more  than  odod  paid 
oootracton  a  high  pdca  for  timber  atolen  Crom  ita  own  forosta.  The  anthorl- 
ilea  of  the  indlvidn&l  States  might  be  more  ftWdflfit. 
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for  each  purposes,  but  Uiere  can  be  no  doubt  that  it  would  be 
sound  econoiDV  in  the  end. 

Ill  countries  where  tliere  exist  municipalitiea  endowed  with 
an  iiitelUgeiit  public  spirit,  the  purchase  and  control  of  for- 
ests by  such  corporatiouB  would  often  prove  advantageous;  and 
in  Eomc  of  the  pi-ovintes  of  Northern  !x>ml)ardy,  exjKjrience  luw 
ehpwn  tlmt  ftuch  ojwrations  may  be  ci^nducteil  with  great  benefit 
to  all  the  interests  connected  with  the  proper  manag;ement 
of  the  woods.  In  Switzerland,  on  the  other  band,  except  in 
BOtne  few  cases  where  woods  Jiavo  been  preserved  as  a  de- 
fence against  avalanclice,  the  forests  of  the  coiomunee  \\&ve 
beon  of  little  advantage  to  tlie  public  intoresla,  aiid  have  very 
gencmlly  gone  to  decay.*  The  rights  of  pasturage,  every- 
where destnictive  to  trees,  combined  with  toleration  of  tree- 
paases,  have  so  reduced  tlieir  value,  that  there  is,  too  often, 
nothing  left  that  is  worth  protecting.  In  the  canton  of  Ticino, 
the  peasants  have  very  frer^uently  voted  to  sell  the  town-woods 
and  divide  the  proceeds  among  the  coi-porators.  The  some- 
times confiderablo  snms  thua  received  arc  squandered  in  wild 
revelr}',  and  the  sacriJice  of  the  forests  brings  not  even  a  mo- 
mentary benefit  to  the  j)roprietora.t 

Fortunately  for  the  innucuse  economical  and  sanitary  in- 
terests involved  in  tliifl  branch  of  rural  and  industrial  hus- 
bandry, public  opinion  in  many  parts  of  the  United  St^ites  is 
thoroughly  ronsed  to  the  importance  of  the  suhjcet  In  tie 
Eastern  States,  plantations  of  a  certain  extent  have  Ireen  made, 
and  a  wiser  8)"8tem  is  pureued  in  the  trcntincnt  of  the  remain- 
ing native  wood84      Important  experiments  have  been  tried  i& 

*  A  better  cconom;  baa  been  of  late  introdacod  into  tho  maugeiiteiit  of 
tibs  forest  in  SfritzorlAiid.  Excellent  ofGcinl  ccportji  on  tho  mbject  hare  bc«D 
published  and  important  legal  ptOTuucms  adapted. 

f  Boe  in  BEKLursca,  Die  Alpen,  chapter  WJisuld&^tir  luul  FIS&mt,  a  Uvtlr 
•ooonnt  of  the  «ale  of  a  oommtinal  wood. 

(Wbentheceninuof  1^0  wa»  taken,  tho  Statca  of  Maine  and  Tfew  ToikplO- 
doofld  mm!  ex[Mirtod  li|]nt)er  in  abondanco.  IvnitliBr  of  thvm  now  haa  timtar 
anoBgfa  for  domeatio  nie,  and  the;  arc  both  compeUed  to  draw  nniofa  of  tUr 
Bopply  from  Canada  and  the  WmL 
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iBTttHclinscttB  on  the  propagation  of  forest-trees  on  seneliorQ 
bluffs  exposed  to  eti'ong  winds.  This  bad  becu  gvucrally  Bup* 
poeed  to  be  impossible,  but  tho  exj>eriiiiuuts  in  qttt:sti<;ii  afford  a 
gratifying  pi-oof  that  this  ia  an  crixjncona  opinion.  Piper  givoe 
u)  intoroi^ting  acconnt  of  Mr.  Tndor'a  succcbb  in  planting  treoa 
on  the  bleak  and  barren  shore  of  Iv'aiiant.  **  Mr.  Tudor,"  ob- 
wn'is  he,  '*ha&  planted  more  than  ten  thousand  trees  at  Xabout, 
and,  b^  the  results  of  hia  experiments,  has  fully  domoiidtrated 
tluit  trees,  pr<ij»erly  cared  for  in  tJio  beginning,  may  Ijo  niailc  to 
grow  up  to  the  very  boniida  of  the  oeoan,  exposed  to  the  biting 
of  the  wind  and  the  spmy  of  tlie  sea.  The  only  shelter  thoy 
require  is,  at  firet,  sonic  intcrniption  to  break  thocurreatof  tbo 
wind,  Buch  at  fences,  houses,  or  other  trowi."  * 

Young  trees  protected  against  tlie  wind  by  a  fence  will  some* 
wliat  overtop  their  shelter,  and  every  tree  will  serve  h&  a  screen 
to  a  tatter  one  behind  it.  Exteueive  groves  have  thus  been 
formed  in  situations  where  an  isolated  tree  would  not  grow  at  all. 

The  people  of  tlie  Fur  West  have  thrown  ihenisolves  into  the 
work,  we  canm»t  &ay  of  rosturation,  but  ratlier  of  creation,  of 
woodland,  with  much  of  the  paMtionate  energy  which  marks 
tlieir  action  in  refcrciiec  to  other  nuxlcs  of  phyBical  iinprtwe- 
nient.  Cahfonila  hu^i  appointed  a  State  Xui-cster  with  a  lil>cral 
salary,  and  made  such  legal  provisiim^  and  iipprupriatioiis  as  to 
render  the  diceharge  of  his  duties  effectual  The  bands  that 
built  the  Pacific  Railroad  at  the  rate  of  miles  in  a  day  are  now 
busy  in  planting  belts  of  trees  to  shelter  the  track  from  snow- 
drlftii,  and  to  supply,  at  a  future  day,  timber  for  ties  and  fnel 
for  ilie  locomotives^  The  settlers  on  the  *}j>cn  plains,  too,  ara 
not  less  actively  engaged  tn  the  propagation  of  the  woods,  and 
if  we  can  put  faith  in  tlie  official  statistics  on  the  subject,  ndt 
thousands  but  millions  of  trees  arc  annually  planted  on  the 
prairies. 

These  experiments  are  of  mnch  scientific  as  well  as  economi- 
cal interest.  The  prairies  have  never  been  wooded,  so  far  as 
we  know  their  history,  and  it  lias  been  contended  that  succcsefnl 

*  Tnm  o/Ameriea,  ji.  10. 
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fivlvicultiire  would  be  impracticable  in  those  regiouB  from  the 
waut  of  raiu.  But  we  are  ac<|iialutcd  with  no  soil  and  climato 
wliicfi  favor  tlie  prmluctioii  of  liurbage  and  forbid  tho  rearing 
of  tree*,  and,  aa  lirvunt  ■well  observes,  "  it  eeenw  ccrtaiu  that 
where  ^rass  will  grow  trees  may  be  niade  to  grow  also."  *     In 


"  Tbe  oxi^  Df  our  We8t«nt  treelem  pmri«8  and  plaiuB,  as  of  the  Kiuaiui 
Ft«ppcB,  which  inuch  rcAemblo  them,  1»  obscure,  but  tho  want  of  fonwti  apoa 
thfiin,  tKemii  to  be  due  to  olimatio  ooudiUoDs  aud  eBpeoiolly  to  a  want  of  spring 
and  smnmer  Tania,  which  prcventa  the  Bpontaucous  formntion  of  (oroats  upon 
tliem,  tJiongli  not  necMearilj  tbe  growth  of  trees  arti&ciaUy  planted  and  Cfutxl 
for.  Climatic  conditi^na  more  or  lean  rcacmhliiig  thoAo  of  our  Wcatcm  territo* 
tin  produce  auAloeoito  effcsctH  in  India.  MulJi  valualila  ixtformatiou  on  tlia 
relationa  between  climate  and  foTBst  Tcgctntioa  will  be  foand  in  an  vtido 
br  Dr.  Brax:)IB,  On  t/ie  Dutr&Mtkm  of  ForuU  m  India,  in  OMoa  HiffAwagt 
for  October.  1872. 

In  the  more  eastward]]'  prairie  region  fires  have  done  mach  to  pverent  tbo 
ipread  of  the  native  grorea,  and  ihtonitfaout  the  whole  woodloas  plaina  th* 
putara^  of  tho  boffalo  uloue  would  nuliJoe  to  |>reveiit  a  fortiet  growth.  Tlw 
pralrioa  wens  the  proper  fecdinf[-ffToniid»  of  the  bison,  and  tho  ymt  Dmnlxn'  <tt 
tlioae  aairaala  u  oonnect^il,  as  caoae  oe  couweqaeuce,  with  the  existeaoe  (4  Iheva 
vast  paiitnr<>a.  Tbt;  bi«0R,  IndMul,  onaht  not  convi^rt  the  forest  Into  a  paatore, 
bat  he  woidd  do  much  to  pnivi^t  Lhu  ]>K.iluTe  from  Iwiuoinioy  a  toiuit. 

There  ia  poaltiYo  evidence  that  lome  of  the  Atneriean  tribea  poMcnod  Ut^e 
herds  of  domestiLiited  Ibiaooa  See  Hcmik'LDT.  Anaieftte»  ihr  Katmr,  L,  pp, 
71-73.  What  anthoriri^n  nn  to  afl^rm  that  thia  was  simply  the  wild  Uron  re- 
claimed, and  whj-  may  we  not,  witli  ciinal  proljobtlitf,  beliere  that  tbe  migTm- 
toiy  prairis-builulo  Li  the  progicn;  of  the  doraeatie  animal  ran  wild  f 

There  ftre.  both  on  tho  proiri'CB,  ai.  In  Wiaconain,  aud  in  deep  toRsfai,  ■«  ia 
Ohio,  extcniiirn  rcmnina  of  a  priraittrc  people,  who  mnst  have  beea  xmjr% 
namerous  and  moru  ailrtuictid  in  art  than  the  preeeat  Indian  tribe*.  Th«t« 
coo  be  no  dnuH  that  the  woncln  wkore  niieh  earthworks  nra  foDod  tn  Ohio 
irerc  cleared  by  them,  and  that  tbe  vicuiity  of  those  fortroseoe  or  temples  wm» 
inhabited  hy  a  9&r^  population.  Nothing  fortiida  the  Huppoatinn  that  tli* 
pnirles  were  cleared  by  tho  same  or  a  similar  people,  and  that  tbo  i;rowUi  ol 
tieei  upon  tliem  bsa  been  preveDted  bj-  Bras  and  ^Tsuing,  while  tbe  raatantUon 
of  the  woods  in  Ohio  may  be  duo  to  the  abaiir1onm<^t  nf  that  refpon  hj  it4 
ort^final  inhahitanta.  The  cUmstio  oooditiona  nnfavorablo  la  the  spontAaeoiM 
growth  of  tree*  on  tbe  prairiea  may  poasihlj  bo  an  effect  of  too  ext«imT« 
cleariuga,  rather  than  a  cause  of  tho  waul  of  woods. 

It  Is  ditpated  whether  the  steppes  of  Bassia  were  ever  wooded.  Thflf 
were  orrtainly  bare  of  forest  growth  at  a  vurj-  remolo  period  ;  for  UeiDdutoa 
dMcribea  the  conntr;  of  the  Scythians  between  the  later  aud  the  Tanal*  m 
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aiij  case  the  qneetion  will  now  be  Bubjected  to  a  practical  teet, 
aiul  UiL'  plaiitufloiis  arc  m  extensive,  and,  us  is  reported,  eo  thnfty 
ill  gruwtli,  that  uiio  genoratioii  will  eulUco  to  dctermino  wilJi 
certaiuty  and  preciitiuu  kow  far  climate  ia  affected  by  clothing 
with  wood  a  vast  territory  uutui-ally  destitute  of  that  protect iuii. 
1  liftvo  thiiB  far  epukuii  only  uf  tlic  prcsorration  and  training 
of  existing  woods,  not  uf  tliu  planting  of  now  foresta,  becatieA 
European  experience,  to  which  alone  we  can  appeal,  ia  coiivcr 
saut  only  with  cuuditiona  »o  different  fj-om  those  uf  our  own 
climate,  soil,  and  orbureal  vegetation,  that  prccedentii  drawn 
from  it  cannot  be  relied  upon  as  entirely  eafa  rules  for  oar 
guidance  in  llial  branch  of  rural  economy.* 

woodlwB,  with  tb«  wrotpUoB  of  the  rnnaU  ptorlnco  of  X7I1M  between  Ui« 
Dalopar  noil  th«  Onlf  at  Pstokop.  Tbcj  mn  knowu  to  luTe  beea  ooonpied  Ity 
ft.  isagn  Q«inad«  tnd  peuilonl  population  down  to  the  aixteenth  century,  th<ni|{h 
thcAu  tribus  am  ovvr  muuli  ri-duuud  iii  uumbert.  The  hablta  of  nnch  ntow 
on  HBRW^  loM  dwtraotivo  to  tho  foroot  thiui  thoM  of  drflixed  life.  PMtonl 
tribo  do  ttot  saiploy  much  wood  (or  fne]  or  for  oooatiuetlon,  hot  thej  cutt* 
UmAj  or  reokkMlj  boia  down  th«  (onwtt,  and  tbdr  cattle  efleetaftllj  check 
ttia  gnwtli  of  jotuif  trees  wfaenrrer  their  nwge  «xt«ida 

At  |tr««eDt,  tlic  fnrioD*  wiDd*  wUdi  sweep  oT«t  tho  jAaixtB,  the  dronfffat*  of 
lUKDer,  and  tlm  nglite  »»<]  abosee  of  pofittirage,  coBf^ote  Tei7  fonuhlsbia 
obMMlce  to  th«  enplojiiicot  of  mrsvaro  wbic^  bitTO  bc«n  attended  with  eo 
vahuUe  xcnilti  00  tbe  euiil-wutca  of  FrooM  and  Qvrmaaij,  The  Koviui 
Oorenuaent  1im,  bowerer,  ntliGniptcd  the  wooding  of  the  rteppee,  and  thero 
■re  thriTiqg  plontutions  ia  tbe  nvigliburbood  of  OdcNte,  where  the  eoP  iii  of  • 
jMUtivnliLrlr  looee  and  aandj  chKract«r.  The  tii>«  bmt  imited  to  thie  localltj, 
and,  oe  there  ia  good  icason  to  nappoffe,  to  eand  plaiiM  in  gaaml,  ta  th« 
ABtntAvi  jibtndiiltiM,  or  Japan  Tarnhdi-trec  Tbe  mnarfcable  aiMoeM  which 
baa  orowned  the  experiinenta  with  the  ailontbua  at  Odcaaa.  will,  no  duabt, 
btimulale  to  f*"**'**'  triala  elacwhcre,  and  it  sectoa  not  improbable  that  the 
anindo  and  the  maziUme  pine,  which  have  fixwl  ao  manj  thonaand  acrta  ot 
drifting  aanila  in  Wentem  Sorope,  will  be.  portiallj  at  leoai,  Baperaedod  (7 
the  ta.maflak  and  the  Tomiah-lrv*. 

Aoeordlnir  to  IIuiuuiSTeiK,  iJcr  ITolrf.  pp.  838,  SSB,  an  extensive  planta- 
tion of  plnea— « tnw  new  to  Southern  SoMila — was  «>tainriic«d  In  1843,  00 
the  barren  and  tasdf  banha  of  tJie  Ingala,  near  Klieabott^Tod,  and  haanut 
with  TC17  flattering  aaooeaa.  Other  nperimcntalo  inrlricnittne  atdtBmrt 
poiatN  on  tho  atcppea  proniaa  Tolushle  remtla. 

•  Manj  Talnabla  eaggvatiaaa  en  tbia  aabjeot  will  b*  toanA  In  BitYurr, 
Famt  Ttmi,  <bitp.  H  «t  teqq. 
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I  appreliend  that  ono  rule,  wliich  is  certainly  alike  appli- 
cable to  both  sides  of  the  Atlantic — that,  namely-,  of  the  sbso 
liite  exclusion  of  domestic  quadrupeds  from  all  woods,  old  or 
3'onii^,  not  destined  for  the  axo — \v*)iild  be  least  likely  to  be  ob- 
served ill  our  |truf.1ico.  Tlio  tieed  of  shade  for  cattle,  and  our 
inveterate  habits  in  this  respect,  are  much  more  serious  obstacles 
to  compliance  with  tliis  precept  than  any  inherent  dtfficnlty  En 
tlio  thing  itself  ;  for  tliere  is  no  good  reason  why  our  eattlo  may 
not  be  kept  oot  o£  our  wooda  as  well  as  out  of  our  whcatficlds. 
AVlien  forest-planting  is  earnestly  and  pprseveringly  practised, 
means  of  overcoming  thiii  diflicnlty  will  he  foinid,  and  our  hns- 
bundry  will  be  modified  to  meet  the  exigency. 

The  best  genei-al  advice  that  can  be  offered,  in  the  want  of 
an  cxperinieutal  c<k1c,  is  to  make  every  plantation  consist  of  a 
great  variety  of  trees,  and  this  not  only  because  natui-e  favors  a 
diversified  forest-crop,  bnt  becanso  the  chances  of  succc&s 
among  a  multitnde  of  species  are  far  greater  thau  if  we  confiu^ 
ourselves  to  one  or  two. 

It  will  doiibtleea  be  foimd  that  in  our  scoreliing  snmmer,  est? 
pecially  on  bare  plains,  shade  for  young  plants  is  oven  inoj-o 
iiecesRary  than  in  most  parts  of  Europe,  and  hence  a  fair  propor- 
tion of  rapidly  growing  trees  and  shrubs,  even  if  tlieniselvca  of 
little  intrinsic  value,  ought  to  bo  regarded  as  an  indispensable 
feature  in  every  young  plantation.  These  trees  should  be  of 
species  which  bear  a  full  supply  of  air  and  light,  and  therefore, 
in  Uie  order  of  nature,  precede  those  which  are  of  gi-eatcr  value 
for  the  permanent  wood ;  and  it  would  he  a  prudent  meaiHura  to 
seed  the  ground  with  a  stock  of  such  plants,  a  year  or  two  be- 
fore sowing  or  transplanting  the  more  valuable  varietiea. 

Mora  specific  rules  ttian  tliese  caimoC  at  present  well  bo 
given,  but  very  brief  experiments,  even  if  not  in  all  PC*ti>ett8 
wisely  condncted,  will  suffice  to  detennine  the  main  question : 
whether  in  a  given  locality  this  or  that  particular  tree  can  ad- 
vantageously be  propagated  or  intj-oduced.  Tlic  special  prx-cft- 
ses  of  arboriculture  suited  to  the  ends  of  the  planter  may  be 
gathered  partly  fiY)m  cautious  imitation  of  European  practice 
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and  partly  from  an  experience  wliich,  thonp^h  not  pronouncing 
definitively  in  a  single  season,  will,  wovertheleaa,  suggest  appi"o- 
priate  niutliods  of  plantinj;;  and  ti-aiuitig  tlie  wttod  within  a 
peiMKj  not  disproportioued  to  tlio  importance  of  tho  object.* 

The  growth  of  arboreal  vegetation  in  comparatively  rIow,  and 
we  are  often  told  that,  though  be  who  buries  an  aconi  may  hope 
to  see  it  shoot  up  to  a  miuiuMire  rcsemblauco  of  the  majestic 
tree  which  sliall  ebade  his  remote  descendants,  yet  the  longest 
lift*  hanlly  embraces  the  soedriinQ  and  tho  harvest  of  a  forest 
Thu  pluiitur  of  a  wood,  it  is  said,  iniist  bo  actuated  by  Iiigher 
motives  than  those  of  an  investment,  the  profits  of  which  eou- 
sist  in  dii^ct  pecuniar}*  gain  to  himself  or  oven  to  his  posterity ; 
for  if,  in  iiire  cn^A,  an  arCitieial  forest  may,  in  a  genemtiuii  or 
two,  more  than  ivpay  ila  original  cost,  still,  in  geiieml,  tho 
value  of  its  timber  will  not  return  tlio  capital  expended  and  tho 
interest  accnicd.f 

*  For  vet7  judloioui  aiiK^atioiui  on  expcrlrar-nU  Iii  syh-icalture,  >««  tl)«  B«t. 
Frederick  Starr'ii  renftrlcatile  )i.-i{ier  on  the  Ainerionu  KorcsU  in  the  7'rantae- 
ffpM^fA«  AffricuUvr^  ijocittj/  for    , 

f  Aooonling  to  ClavS  (AtuJM,  p.  ISOf,  tba  oofc  rereoiw  (mm  tha  forcsU  of 
tb«  tUU  in  PnUMM,  mftldas  no  nllowanc«  for  interoRt  on  the  capitAl  r«px*> 
aentnd  bj  Uw  forosfc,  Ift  two  doUani  per  ncze.  In  Sftzony  it  h  nbout  thn  ma», 
ttwng^  lbs  ooit  of  iKlintni>tTatioa  it  twioo  h  mnoh  m  ia  Franco ;  in  WOtUm* 
bttvib  to  alioutK  duUar  auacra;  aud  in  Pnurda,  whers  half  the  tnoomo  it 
eoiuum«d  In  th«  ezpenieaof  atlnunistnitioa.  it  nnka  to  leu  than  bolf  adollar. 
Tfai«  low  i&t«  la  Pramia  and  other  tionoim  atatoN  la  partly  Bxplaln«il  Ity  the 
faot  that  a  oooaldBrahle  proportion  of  the  annual  prodaot  of  tho  wood  U  eithor 
ooooodod  to  jienona  daimlu^  praaorlptivo  rijchtA,  or  iiold,  at  a  vftrjr  small  price, 
to  tb«  pooc  ToJdag  Into  account  the  capital  inrested  In  for«at-lBnd,  and  add- 
ing iuL«re»t  upon  it,  P»nler  caloolatoa  that  a  pine  wood,  managed  with  a 
view  to  f«Uln«  it  when  sights  jraats  (rid.  woold  jiotd  0M*«t(^th  of  ou«  p«x 
cnat  annual  profit ;  a  fir  wood,  at  one  hundred  yaaot,  ono-NSth  of  una  per 
cant.  ;  a  bMOh  wood,  at  one  hundred  and  tw«n^  /Mr»,  ouo-(o<uth  of  on«  pet 
oont.  The  mbw  author  gives  the  net  iuoomo  of  the  Now  Forest  in  Englaodi 
OTvr  and  abova  cxpoaaca,  int«r«ct  not  compatod.  at  twent^-Bve  o««it«  per  acM 
only.  In  Amorica,  whara  no  expenm  ia  boiitowed  ufion  the  wooda,  tho  vahia 
of  tho  uuioal  growth  ban  geoeialljr  baoo  udmatcd  mnch  higher. 

ForraL-treea  arc  otUni  planted  b  Earo{M  for  wluit  inay  be  called  an  earlj 
woi*.  Thus  in  GonnosT  aconu  are  fown  and  thi  joung  RoedUugM  cidtiTtvtod 
like  urdinoij  fietd-vcgciabloa,  uud  cut  ul  the  age  vt  a  veiy  few  yuan  for  tht 
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Bat  the  modcru  iuiprovcd  methods  of  sylviculture  show 
YBStljr  more  fniorablu  tlnaucial  rcsulU;  and  whou  wa  consider 
tlic  umneDse  colluteral  uJ%-!uita^ois  dfrivud  from  tlio  presence 
of  the  Xurest,  tho  terrihle  uvik  neeessarilj'  resulting  fi\*m  it*  do- 
Btiniction,  wecanuot  but  adiuit  that  the  preservation  of  exifatin^ 
woods,  aiid  the  more  costly  cxtcnaiou  and  creatioa  of  thom 
where  tho}'  havo  been  undulv  reduced  or  have  never  existed, 
arc  utunng  Uie  plniiiest  dictutes  uf  seU-iiiterest  aud  inoet  ob- 
Tiuuti  of  the  duties  which  thiB  age  owes  to  Lhoee  that  are  to 
couie  after  it 

Ftnandal  ReeuUs  of  Fi/r^i  plantation. 

Upon  the  whole,  I  am  i>crRuaded  thut  the  finaiieial  statistics 
which  are  found  in  French  and  German  authors,  as  the  resnlta 
of  European  experience  in  forest  economy,  pnsent  the  ques- 
tion under  a  too  unfavorable  aspect ;  and  tlierefore  these  culcn- 
liitiona  ouj;ht  not  to  diHcourage  lauded  proprietors  from  makiiic; 
expcriiiieiits  ou  tlii^  sulijcct.  Theae  t^tatiiitius  apply  to  woods 
whoso  present  condition  is,  in  an  eminent  degree,  tlio  effect  of 
pre^nous  long-continued  mi9iimna£;omcnt ;  and  there  is  much 
reason  to  believe  that  in  tlie  propitious  climate  of  the  United 
States  new  plantations,  regulated  subsUuiliully  aucirdiug  to  the 
methods  of  De  Connal,  Chainbrelent,  and  Clievandier,  and  ao- 
companied  with  the  introdni-tionof  exotic  trees,  as,  for  example!, 
the  Australian  (;ariiarina  and  encniyptus* — which  latter,  it  is 

■ate*  of  tbe  ImtIe  and  tho  young  twigs  nwd  by  tanners.  In  Engluiil,  trOM  arc 
grown  kL  the  rate  ot  two  tiiuusand  t<o  tbe  ixra,  and  oat  fur  propa  ia  tha  mines 
at  tho  (liuaeter  of  a  fow  inches.  Plnntations  for  hoop-poles,  mA  oth«r  qwoial 
paipows  requuring  eauiii  tunbar,  would,  no  doabl,  ottea  prove  higfalj  nma* 
ii8niUT«. 

*  A1thou|{h  tbe  euoalyptoA  thrives  admirabty  in  Alfform — whent  it  sttoiiM 
alieigbt  of  fromfiftjr  to  laity  feet,  anil  a  iliaroeter  of  fifteen  or  sixteen  incluw, 
In  six  fears  from  tlw  sewl— «nd  In  nome  restricted  localitiM  in  fioatbem 
Europe,  it  will  not  bear  the  wtnten  even  of  Florenoa,  and  oonseqaeotl/  oati- 
nofe  be  expeoted  to  Sourish  in  anj  part  of  th«  TTnited  States  except  the  ex- 
Innw  South  and  Ca]ifoniin.  Tho  writer  of  a  ftomGWhat  eothnaiaBUo  attidB 
CO  thk  latter  Stote,  in  Hurper's  Moathlj  for  Julr,  1873,  affirms  tJiat  be  wtw  a 
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Baid,  has  a  prowtli  at  Icaat  five,  aiid,  accnpcling  to  some,  ten  times 
more  miHd  than  tliat  of  the  cjak — would  prove  good  iuvest- 
nieiita  even  in  an  et^ontjutical  aspect,* 

There  is  no  doubt  that  they  would  pay  the  oxpenacs  of  their 
planting  at  no  distant  pcri<.»d,  at  least  in  overv  caso  where  irri- 
gution  is  jKwsilile,  and  in  ver}'  many  sitnationB,  tcrrnccn,  ditches, 
or  even  hurizontal  furrows  upon  the  hllliiiido&,  would  answer  as 
a  euiwlitute  fur  more  artificial  irrigation,  l^rge  proprietora 
would  receive  important  indirect  benclita  irom  tlio  Bhcltcr  and 
the  moisture  which  foi-csts  furnish  fur  the  lands  iu  their  neigh- 
borhofHl,  and  ovcntually  from  the  aeeiunulation  of  vegetable 
Biould  in  the  wixxJavf-  The  sccnrity  of  the  investment,  as  iu 
tlie  caee  of  all  real-estate,  is  a  Btn>ng  argument  for  undertaking 
each  plantations,  and  a  moderate  amouut  of  government  patron- 


eitc*ln>tiu  *'  oight  jna  bom  ft  muUl  oottlng,  which  wu  MTtnty-Bvt  tttt  tit 
httiglit,  uhI  two  foot  and  t,  hn\t  Id  ilLkinnUir  at  the  bMO. " 

The  pknlownik,  which  thrivva  in  NnrLhvm  IbU;,  haa  Rwood  of  littl«  vmlae^ 
but  th«  trea  would  aorro  well  aa  a  aliultvr  for  soedlicga  and  young  plants  of 
more  raloftble  ipMfal,  ancl  in  other  caaem  where  a  t«mporaT]r  ahado  u  niseotJjr 
needed.  The  young  ahoot«,  from  a  stem  polled  the  prarlooa  aeaaon,  otmoiit  aox- 
pfkiB  even  the  eticoljiitns  in  rapidity  of  prowtJi.  Bach  »  ahoot  from  a  tree  not 
ail  inobea  in  diameter,  which  I  had  an  opportmuty  of  duly  obeerving.  from 
the  bnratinf  out  of  the  bad  from  tho  baric  of  the  parent  stem  id  April  till 
Komnbei  of  tho  atuna  yoar,  «oqaircd  in  that  iutiirml  a  diametoi  of  btitwem 
four  and  ftve  inchoa  and  a  bei|^t  of  aborc  twoiiiy  fort. 

*  The  eoooomioal  BtaticticA  of  UlUOOR.  Arbiirienttury,  Ediubargh,  1803.  are 
■very  enoonreging.  In  the  prcfnca  to  thai  work  tho  fttiUinr  says :  "  UaTiny 
formed  aereral  large  plantatiooa  nearly  forty  yean  a^o,  which  m  atlll  BtaadinSi 
in  Uie  Highl  aada  of  Scotland,  I  can  rcf«r  to  them  aa,  after  pajring  over;  expeaae, 
yielding  a  revenue  equal  to  that  of  the  ftoert  aiable  laud  la  tho  couotfy, 
where  the  sroand  proriotuly  to  Uteae  formatioiu  was  not  wottli  m  ahlUing  aa 
acre."  See  aUo  Uartio,  Ut6er  dot  WaeMhumtganf  uwf  Srirag  <Ur  AM^ 
Biefir  vwt  Kiffer,  18Q0,  and  mpccially  RitTAKT,  FerM  TVmi,  chap.  Ix. 

f  The  fertility  of  newly  cleared  Uim)  In  by  no  raeaiui  doe  entinOr  to  the  nocu- 
mulaUon  of  decayed  Tegvtablo  matter  on  it«  Rurfaoe,  and  to  the  deooin]iOKittaa 
of  the  mineral  ooiwtltuento  of  the  aoil  by  the  cnaaa  emitted  by  the  fallen 
leavea.  Saoha  has  sliowo  that  the  roots  6t  Uvinff  plsati  ocembe  a  neat  pow 
erfol  aolTeot  action  on  rodu,  and  hence  atonea  sre  dhtategrated  nod  resolved 
into  elemonta  of  veyetable  nutrition,  by  the  chemical  agency  of  the  forest, 
more  rapidly  than  by  froat,  raio,  and  other  metcaroJogical  iufloencea. 
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1^  and  eucourogement  would  be  sufficient  to  render  the  crea- 
tion of  new  forests  an  object  of  private  interest  as  well  as  of 
publie  advantage,  especially  in  a  country  where  the  necessity  ia 
BO  urgent  and  tlis  elimato  so  favorable  as  lu  the  Uuitod  Statee. 


Itietabtlitt/  of  American,  Life. 

All  human  institutions,  associate  arrangements,  modes  of 
life,  have  their  characteristic  imperfections.  The  natural,  per- 
haps the  necessary  defect  of  ours,  is  their  infitaliility,  Uieir  want 
of  fixedneee,  not  in  form  only,  but  even  in  spirit  The  face  of 
physical  nature  in  the  United  States  shares  this  incessant  floe- 
tuatiun,  and  the  land&cape  is  as  variable  as  the  habitti  of  the 
population.  It  is  time  fur  some  abatement  iu  the  restless  lovo 
of  change  which  characterizes  iis,  and  makes  us  almost  a  no- 
niado  ratlier  than  a  sedentary  pofiple.*  We  have  now  felled 
forest  enough  everywhere,  in  many  districts  far  too  mucli.  Let 
us  restore  this  one  element  of  material  life  to  its  iionual  pro- 
portions, and  devise  means  of  lujiiutainiiig  the  pcrmaueuce  of 
ita  relations  to  the  fields,  the  meadows,  and  the  pastures,  to  tho 

*  It  It  rare  that  %  middle-aged  Americaa  din  in  the  booM  where  he  wa* 
born,  or  lu  old  mim  own  in  tbtit  wliich  he  baa  built ;  and  this  is  acssnwly  leoi 
true  of  ilie  rural  diatricU,  where  avery  Taxa  owns  his  habitatioii,  than  cf  tli6 
dty,  where  the  miLJorit;  lire  in  hired  boubca.  YhSs  life  of  incessant  Qitting 
Ia  uiifAVOrable  for  the  execution  of  permanent  impnwementa  of  cvoiy  sort, 
and  espeoialljT  of  those  which,  like  the  fonisb,  are  slow  ia  repafing  any  part 
of  the  capital  expended  in  thein.  It  reqTiirea  a  vcr;  i^neroiia  spirit  io  a  land- 
holder to  plant  a  wood  un  a  farm  ho  expccte  to  mU,  or  which  he  knows  will  pwa 
OTtt  of  the  hnnda  of  liis  doKCnilantx  at  his  death.  Bnt  the  verj  fact  of  haT- 
ias  begun  a  plantation  would  attach  the  proprietor  more  otrongljr  to  the  aoU 
for  which  ho  had  moAa  auch  a  sacriSoe ;  and  tho  patenml  acrve  woold  haTo  a 
grenter  Tolao  in  the  ejres  of  a  soccoeding  gcncratiun,  if  thus  improrcd  and 
beautified  bjr  the  bbnn  of  thow  from  whom  they  went  inherited.  Landed 
property,  therefore,  the  transfi-r  of  which  is  happily  free  from  ereiy  tefal 
impediment  or  restriction  Ld  the  17uiUKl  Slnt«s,  wunld  Gnil,  lu  the  feelings  tiiiu 
prompted,  a  tnoml  cheok  a^Inst  a  too  fri>qucnt  cbAnge  of  ownen,  and  wooJd 
tend  to  reiaaiii  long  enough  in  one  proprietor  or  one  famQy  to  admtt  of 
endnal  Imprarements  vhioh  voold  iaoreMO  Its  rain*  both  lo  tlu  poMMMt 
and  to  the  Ktate. 
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rain  and  the  dewB  of  heaven,  to  the  springs  and  rivuleta  with 
whicli  it  waters  the  earth.  The  establishment  of  an  approxi- 
mately fixed  ratio  between  the  two  most  broadly  character^ 
izcd  distinctions  of  rural  surface — woodland  and  ploughland— 
V'oiild  involve  a  certain  persistence  of  character  in  all  the 
braiiches  of  industry,  all  the  occupations  and  habits  of  life, 
which  depend  upon  or  are  immediately  connected  with  cither^ 
without  implying  a  rigidity  that  should  exclude  flexibility  of 
accommodation  to  the  many  changes  of  external  circumstance 
whi  ch  human  wisdom  can  neither  prevent  nor  foresee,  and  would 
thus  help  us  to  become,  more  emphatically,  a  well-ordered  and 
stable  commonwealth,  and,  not  leas  consplcuonsly,  a  people  of 
prepress. 


CHAPTER  IV. 

TlIK    WATEH8. 

Luid  AitiSoiallj'Won  from  tb«  Wal«ra — G  reat  Works  of  M&teriaJ  Improvement 
— DimlninK  of  Linoolnahlre  Fcu» — InotmioiM  of  tha  Sea  In  tbe  Xctber^ 
land* — Or^iin  of  Sea-dikea— Gud  und  Low  of  Land  la  the  N«tberlaoda — 
Marine  DepofdU  on  the  Court  at  Netherlands — Draining  of  Iiakn  of  Haar- 
lem— Draininji  of  the  Zuid«n«e — Geofpfaphical  EffcdH  of  ImproTemeiita 
in  the  Netkeilomls — ^Auoient  Ilydniulia  Works— Draining  of  I^lce  C«- 
lano  b;  Prince  Torlonio — Incidental  Cona^quonccs  of  dnuning  Lftkea — 
Draining  ol  Ulanhes — Ac^oaltaial  Draining— UetAOXological  EttnOM  of 
Draininfc — Qeofrmphlcs]  ESccta  of  Draining — Oeoenptucal  Effects  of 
Aqutidaots  and  CauaJa — Antiquity  of  Irrigation — Irrigation  ia  Palestine, 
India,  and  EgTpt — IrricatJon  in  Enropo— Meteorological  Effects  of  Ini- 
gabon — Wat&r  withdrawn  from  Uiven  for  luigation — Injurioaa  Kffftpta 
of  Biee-coltare — Salts  Deposited  hy  Water  of  Irrigation — Snbtenmnwtn 
Waben — Arteaion  Wella — Aitlfiaial  Springo— Eoonomixing  PreoipIl*tiaa 
— laondationa  in  Frunct!— Boains  of  Rooi>ption— Divcrmou  of  lUrotv— 
GlacUr  Lakea— River  Lmbankmenta — Other  Ueiuodtes  agaiuai  Inonda- 
tioiui— Dikes  of  the  Nile — Depodta  of  Tobcab  KiTers— ImproremetiLH  in 
ToBCOD  Marerama — ImptOTemsata  ia  Val  di  Chiona — Coast  of  the 
lS'etheriaDd& 


Zand  artijiciall!/  icon  from  the  Waters. 

HI&Kj  as  we  have  seen,  has  dano  mnch  to  revolutionize  tlia 
ft-jliJ  surface  of  the  globe,  and  to  change  the  dietribntion  iia< 
proportions,  if  nut  the  essential  character,  of  tlie  orgaui&tnv' 
which  iiiliahit  the  land  and  even  the  waters.  Bcgidm  the 
influence  thus  exerted,  uprm  the  life  which  peoples  the 
his  action  upon  the  land  has  involved  a  certain  amount 
indirect  enci-oachment  upon  the  territorial  jiiriedicttun  of 
tlie  oce&iL  ^  far  as  ho  haa  increaftod  the  erosion  of  run* 
ning  watere  by  the  destruction  of  the  forest  or  by  other  opor^ 
tions  which  lesacn  the  nohosion  of  tlio  soil,  he  has  promt 
tlie  deposit  of  solid  matter  in  tlic  &ea,thii»  reduciuj^  tlie  depth  of 
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marine  estuaries,  ad^'ancing  the  ooost-line,  aud  diiuinislung  the 
area  covered  bv  tJio  waters.  ITe  has  g<Hie  beyond  this,  and  ia- 
vaded  the  reahn  of  the  ocoaii  by  constructing  within  its  borders 
wharves,  piers,  light-hoiifica,  breakwaters,  fnrtrcsacB,  aix!  other 
facilities  for  his  commercial  aiid  military  oiMiratlona;  and  in 
fiomo  countries  be  has  permanently  rescued  from  tidat  overflow, 
and  even  from  the  very  bed  of  the  decji,  tracts  of  gronnd  ox- 
tensive  enongh  to  eonstitnte  valuable  additions  to  his  agricul- 
tural domain.  The  quantity  of  soil  gained  from  the  sea  by 
thci»  different  modes  of  acquisition  is,  indeed,  too  inconsidera- 
ble to  form  an  appreciable  clement  in  tlic  coraiianaon  of  the 
general  pn^jtortlon  between  the  two  great  forms  of  lerroetrial 
surfaoe,  land  and  water ;  bnt  the  results  of  eiich  operations, 
considered  in  their  physical  and  their  moral  bearings,  are  anffi- 
ciently  important  to  cntltie  them  to  special  notice  in  erory  com- 
prehenaivc  view  of  the  relations  between  man  and  natnrc. 

Tliere  ai-e  cases,  a*  on  tlio  western  sliores  of  tlie  Baltic,  where, 
in  conBcqnence  of  tlio  secular  elevation  of  the  const,  the  sea  ap- 
pears to  bo  retiring;  others,  where,  from  the  alow  sinking  of 
tlie  land,  it  seems  Ut  he  advancing.  Tliese  movements  depend 
upon  geological  causes  wholly  out  of  our  reach,  and  man  can 
neither  advance  nor  rctaixl  thom.* 


*  li  is  iKMsibJo  tlwb  Uu  irdgbt  of  tbo  ec^Iiiiiciit  let  full  at  the  moutlu  oC 
snat  ihma,  like  the  Glulp^K,  chc  MiwIflBlppi.  mad  tho  Po,  ouj  imaae  the  de- 
prawoa  of  ihe  vtratB  on  which  Uioy  an  dipowt«il,  Acd  Iwooo  if  mao  piomotM 
Uw  cnrioD  and  iratu^ort  of  taitbj  niatatiat  b^  riruni,  he  angrnvntA  Ui«  velgbt 
of  the  — dincat  tbef  ooanj  into  tluir  estiiarica,  and  conacqiuDtlf  liis  action 
IcoAn  to  Bcoelento  moh  deprcmiaD.  There  aiw,  however,  caaw  where,  In 
•liite  of  great  d^raeitB  of  aediioQQt  \iy  dvete,  the  eoaet  is  nsbg.  FBitbcT, 
tba  DwdfertaUoii  oS  the  fntarnal  beat  of  the  earth  tU  any  pvtm  point  U 
eooditianed  Iqr  the  thiolaicM  of  the  onut  at  moh  point.  I'bo  deponta  of 
riven  tend  to  augment  that  thlekaen  at  thair  cstnariee.  The  aodim«iit  of 
■low  1;- flowing  riven  viajitjing  into  ihallov  aeae  is  iprtad  over  m  groM  a  Mir> 
face  that  we  can  htuill;  tmagino  the  fint  nr  two  of  sUne  they  let  full  over 
a  wide  area  In  a  oentaty  to  tonn  an  element  among  even  the  Influiteomal 
cjuiuititJea  whiob  oompoae  the  ternu  of  the  equadona  of  natiLre.  But  Kinie 
Rwift  rivers,  rolling  monntoins  of  fine  earth,  diaoluuge  tbenwdTM  into  dceplj 
aoooped  gulb  or  bayn,  and  Id  Raah  caaee  the  depoalt  amoanta,  In  the  oonne  of 
a  few  7eat«,  to  a  maw  the  tnuufer  of  which  from  the  nifsoB  of  a  torse  badn. 
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Tliere  are  also  cases  where  similar  apparent  effects  arc  pro- 
duced by  local  oceanic  currents,  by  mer  deposit  or  erosion, 
by  tiilal  attjon,  or  by  the  inflnenee  of  the  wind  npirn  tho  waves 
and  tlie  sands  of  the  seabeach.  A  re^^lar  cnrrent  ratty  drift 
suspended  cartli  and  seaweed  along  a  coast  until  they  are  caught 
by  an  eddy  and  finally  depnsiled  outof  tho  roach  of  further  dis- 
turbance^ or  it  may  ecoop  ont  the  hed  of  tho  aea  and  undermine 
promontories  and  headlands ;  a  powerfid  river,  as  tlie  wind 
changes  Uie  direction  of  its  6ow  at  ita  outlet,  may  -waah  away 
shored  and  Bandbiuik:}  at  one  point  to  deposit  their  material  at 
another ;  tlie  tide  or  wuvea,  stirred  to  unusual  depths  by  the 
viitd,  may  gradually  wear  down  the  line  of  coast,  or  they  may 
form  slioals  and  c-oast-dunee  by  depositing  the  sandtliey  hare 
lolled  up  from  the  bottom  of  the  ocean.  These  latter  modes  of 
action  are  slow  in  producing  effects  sufficiently  important  to  be 
noticed  in  general  geography,  or  even  to  be  visible  in  the  reppe- 
senlarionfi  of  coast-line  laid  down  in  oi-dinary  majw  ;  but  they 
nevertheless  form  conepicuous  features  in  local  to]X'graphy,and 
they  are  attended  with  con&e(pieucos  of  great  moment  to  tho 
material  and  the  moral  interests  of  men.     The  forces  which 

and  ita  Monmnlation  at  b  siogla  {>oint,  may  be  suiiiioned  to  produce  o4bei 
effeokBtfaantbowmeoftmiblebrthenouiuliag-line.  Now.  lUtnoBt  kU  tlM  opoim- 
taimi  of  mxa]  life,  an  I  have  aliundimtly  Hbown,  incareAM  the  Uabilitj-  of  the 
■ofl  to  erodim  bj  water.  IIcqcc,  the  ckoring  of  tha  vaUej  of  the  Gang««,  fox 
example,  by  man,  roiist  have  mnoh  angnieiited  the  quaotity  of  earth  tran*- 
ported  by  that  rirer  ta  tho  ies,  and  of  oonno  hsvo  atrpsifthi^iicd  tbe  •ffvoli, 
whatever  they  miiy  be,  of  tbickoutDg'  tbe  cnut  of  tbe  eartb  in  Out  Itmj  ot 
Bengal.  In  sooh  caaea,  then,  bomaa  actaoo  miut  rank  among  goologioal  hiJIa- 
aoceB. 

To  the  goologfoa]  effecte  of  tlie  thickening  of  Uie  earth'a  cnut  fn  tiie  Baj  of 
Bengal,  are  t«  be  added  thoeo  of  tlilniiiDer  it  on  tho  highlands  when  tbe  Oaji^ca 
rum.  Tlie  mma  acLioa  may,  as  a  teamoil  friend  iiag'^e*t«  to  me,  erea  have  a 
fomnlcal  inflncoce.  The  fCTcat  TivAn  of  tho  earth,  token  aji  a  whole,  tnuupeat 
aedifoeot  from  the  polar  rt^ions  in  an  equatorial  dir«otioD,  nnd  hcnoe  t«ttdl  to 
Incrttanc  the  equatorial  diameter,  and  at  the  aame  time,  by  their  ineqnAlilf  ol 
aotioo,  to  a  continual  diapliuwrnpot  of  tha  oeotte  nf  ([rarity,  of  the  enith. 
The  motion  of  the  giobe,  and  of  all  bodies  affected  by  its  attrtuitlin),  ta  modified 
by  evet;  chAnire  of  ita  forni,  and  in  this  oaaa  we  are  not  authoriied  to  a^  that 
inch  effoota  arc  in  any  way  componsaied. 
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prodnce  these  liiiiitcd  results  are  all  in  a  consiclcrable  dejircc 
eiiliject  to  uontnil,  ur  rather  to  direction  aiul  lysislanue,  b,v  lni- 
man  power,  and  it  is  in  guiding,  combating,  and  twnipensaling 
thpm  that  man  has  achieved  B<»iie  of  his  most  remarkable  and 
inftst  honorable  conquests  over  nature.  The  triumpUB  in  ques- 
tion, or  what  we  generally  call  harWr  and  coast  improve  nicnts, 
whether  we  estnnnte  tlieir  value  by  the  rauuey  and  labor  cx- 
j^endcd  upon  them,  or  by  their  l>earing  njx^u  the  interests  of 
commerce  and  tlie  arta  of  cinlization,  must  take  a  very  high 
rank  among  the  great  works  of  man,  suid  they  are  fast  assuming 
a  mugnitudc  greatly  exceeding  thoir  former  relative  im]K>rtauoe. 
The  extension  of  commerce  and  of  the  military  mnriiio,  and 
eapecially  the  introduction  of  vessels  of  increased  burden  and 
deeper  draught  of  water,  Iiave  impoeed  u^mn  engineers  tiuks  of 
a  character  which  a  century  a^  would  have  bccu  pruuuuuced, 
and,  in  fact,  would  have  been,  impracticable ;  but  iicvosHlty  has 
Etinnilate<l  an  ingenuity  which  has  contrived  means  of  execut- 
ing them,  and  which  gives  promise  of  yet  greater  jwrformanm 
in  time  to  come. 

Indeed,  although  man,  detached  from  the  solid  eai-th,  is  al- 
mmt  j>owerle!<e  to  struggle  against  the  sea,  he  is  fuat  l)eeoming 
invincible  by  it  bo  long  as  his  foot  is  planted  on  the  shore,  or 
even  on  the  Iwttom  of  tlie  rolling  ocean  ;  and  though  on  some 
Itattlo-fioUlft  botwoen  tlic  waters  and  the  land  he  is  obliged 
Blowly  to  yield  hia  ground,  yet  he  retreats  still  facing  the  foe, 
and  will  finally  be  able  to  gay  to  the  sea,  "  11ms  far  Bhalt 
tliou  come  and  no  farther,  and  here  shall  thy  proud  waves  be 
iHay&tl ! "  * 

*  It  U,  iieTartli«l«a»,  rem&rkAble  that  in  tb«  partioular  bnuwdi  of  oOMt  eo< 
(faeariag  where  preat  improTonifliitB  an  nosfc  wi^enUy  needed,  compuruUTelf 
Uttle  baa  been  a«<omp]uh«'d,  I  lefer  to  the  creatkm  of  ait^cial  hatbon,  and 
of  ftwlUtiM  for  Icwdinjf  awl  diacbargiag  shipa.  Tha  whole  ooaat  at  ItaXf  u,  aw 
mar  ftlouMfc  aar.baEborleas  aod  sTen,  whardeefi,  and  there  are  vuaj  thonumdi 
of  mJlivi  of  ooaafi  (a  rich  oommenaal  cunnUics  Id  Eurajx),  when  tc—bIi  oaa 
ncdtber  U«  in  Bafety  tor  a  riagXa  day.  nor  e^va,  in  t>cTt«r  proteetod  havens,  iblp 
or  laud  their  paaaengen  or  eaqpwa  except  by  the  help  of  lighteca,  and  other 
not  km  dunu  ooatilT«nc«ib  It  ii  atnan  thM  meb  eooniKnu  IneoDTaaiw- 
26 
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Greut  Wori:8  of  Material  Improvement. 

Men  have  cwiAed  to  admire  the  vain  exercise  of  power  whirli 
lioaped  up  the  great  p^Tamid  to  gmtifj' the  pride  of  a  despot 
with  a  j^iaiit  Bepulehre ;  for  majjj  great  harbors,  many  impor- 
iimt  lines  of  internal  ciinmuiiicatiou,  in  the  ci^'ilizwi  world, 
now  exliibit  works  which  in  vohime  and  weight  of  material  sur- 
pass therafltcst  remains  of  ancient  areliitectnral  ftrt,  and  demand 
the  exerdee  of  fargreater  cfjnstructiveekiU  and  involve  a  much 
heavier  pocimiary  expenditure  Chan  would  now  bo  required  for 
the  building  of  the  tomb  of  Clieojjs.  It  is  computed  that  the 
•jrcat  pyramid,  thn  Bolid  contcnla  of  whi«h  when  complete  wefe 
nhoiit  3,000,000  cubic  yards,  la^iuM  Iks  erecited  for  a  millton  of 
pounds  sterling.  The  breakwater  at  Cherboar^,  founded  in 
nuij^h  water  sixty  feet  dceji,  at  an  average  distance  of  more 
than  two  miles  from  the  shore,  confaina  double  the  niaes  of  the 
pyramid,  and  many  a  comparatively  unimportant  canal  lias  1)een 
eon&trncted  at  twite  the  coat  which  would  now  build  that  sta- 
jwndous  monument 

The  de3cripti<«i  of  works  of  harbor  and  coast  improvement 
which  have  only  an  economical  value,  not  a  true  geographical 
impoi-taiicc,  docs  not  cmno  witliin  the  plan  of  the  present  vol> 
nme.  and  in  treating  this  branch  of  my  fiubjoct,  I  shall  confine 
myt^olf  to  such  as  are  designed  either  to  gain  now  soil  hj  ex- 
cluding tlie  waters  from  grounds  which  they  had  pcnnanenllj 
or  occasionally  covered,  or  to  res»t  new  enuroaohnicnts  of  the 
Eea  upon  the  land.* 


4 
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oca  are  borne  nitb  ao  lEttle  effort  to  remoro  them,  and  eicpeolallj  thu  bCMk- 
watDTs  an  rarely  coiutnioted  br  Qorenunenta  except  for  fcbe  benefit  of  tba 
mUitttiy  aunne. 

*  Some  notice  of  (freafc  vorVa  execntvd  by  man  fn  fordca  luidii,  oi^  pMb- 
ably  not  g«D«mU7  ^miliar  to  my  tM&tlciH,  niAjr,  Iioirever,  prove  not  iminlw 

Th4  ft^wy^iaderc,  m  ouul  oonitractoi  by  Xhe  Viceroy  Ilanllafi|;«()o  to  pn- 
Tont  tbe  iQundfttloa  of  the  oity  of  Mexico  by  the  lakes  fai  ita  Ticini^,  faMdw 
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Draining  of  Lincolruhire  Fens. 

Tlic  draining  of  the  Lincolnshire  fene  in  England,  which 
ha*  converted  about  400,0i)0  acres  of  mareh,  pool,  and  ijde- 
wftplied  tiat  into  ploiij^hland  and  pasturage,  is  a  work,  or  rather 
seriee  uf  works,  of  great  magnitude,  and  it  poooeooeg  much  eco- 
Domical,  and,  indeed,  no  Iriiliiig  googmphical,  importance.  Its 
plans  and  mctliods  were,  at  least  in  part,  Iwrrowed  from  tho 
example  of  like  improremonts  tn  ITollaiid,  and  it  is,  in  diffi- 
cnlty  and  extent,  inferior  to  works  cxccatcd  for  the  stine  piu^ 
poso  on  the  opptwitc  coast  of  the  ^orth  Sea,  by  Dutch,  Frisic, 
and  LowGenimn  engineers.  Tlie  space  I  can  devote  to  such 
0[icrations  will  be  I>ettcr  employed  in  describing  the  latter,  and 
I  content  myself  nnth  tho  simple  statement  I  have  already  made 
of  the  quantity  of  worthless  and  oven  pestilential  land  which 
has  been  rendered  both  productive  and  saluhrioue  iu  Lincoln* 

•ulxUiATyvotksof  great  extmt,  boa  a  cnltiog  half  ftmilalon^t,  1,000  feci  frlde, 
and  bora  160  to  900  f««t  deep,— nomCJUOl,  K'-'gfiojkntii,  ait  Jfeiifo. 

The  adit  which  dndiui  tJie  mines  of  QwcanAp  id  CurawoU.  with  its  hninchea, 
it  thixtj  miks  loog.  TIigm  of  Ul»  lllTAr  mtaoi  of  Saxooj-  «r«  ncoroelf  Ism 
BXtouiTo,  and  tha  i!rrut-AtiffV»t-8taBtny  or  great  dnin  of  tha  miom  of  tho 
Uarx,  is  &ft«on  mile*  long. 

The  axcavmtioiw  for  tba  Sncc  Caoal  were  cotaimted  at  711,000,000  calno 
iD^tTM,  or  about  100,000,000  cabCo  jwAm.  and  UioM  of  th«  Oao^ea  Oonal,  wbiob, 
with  ita  bouwliae,  bad  a  kngtli  of  3,000  milca,  araoaat  to  Dooxly  tbo  Bana 
qaantftj. 

Tha  qnorrica  at  M&nitricht  havo  uaOormlaod  a  ipaoa  of  alzteao  sUln  hj 
■ix,  or  more  than  tiro  Ampricao  townjibips,  and  tho  cataeoaba  of  Rome,  fai 
part,  at  Imat,  origimUljr  ijoArrlm,  have  a  lid^'ol  nxtont  of  flvo  hnnilm)  and 
fifty  inil€«.  The  cataoonib*  of  Parii  ratinlml  tho  ©xcaration  of  13,000,000 
cubic  fonlfl  of  atono,  or  mot*  than  four  UntM  Uio  Toloine  of  tha  groat  pyra- 
mid. 

Tho  cxcaratiutifl  fur  the  Ut.CealltDiiBel.  «{g^t  mflea  ia  length, wholly  throngh 
•olid  rock,  amonntcd  to  mors  than  000,000  oqUo  yards,  and  16,000,000  of 
brick  wvTO  omployad  for  the  IliUcg. 

In  an  articio  on  recent  itiwmal  improremcsito  tn  England,  in  tho  Ltoidoo 
Qnarterly  Soriew  for  Janniuy,  IdSS.  It  te  stated  that  la  a  dnglo  rock-ontting  oa 
tho   Tirerpool  and  MandkC'^ter  railway,  480,000  oaUo  yatda  of  Bbooe  wars 
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ehircj  hy  diking  ont  the  sea,  and  the  rivore  which  travereo 
fens  of  that  cotuitry. 

The  almost  coutiiiued  prevalence  of  wert  winda  upon  bofl 
coasts  of  the  Gerriiaa  Octau  ocKiasiuns  a  coiistaiit  set  of  the 
onrrc'nts  of  tliat  sea  to  the  east^  and  both  for  this  reasou  and 
on  ao^onnt  of  the  greater  violence  of  stormB  from  the  former 
quarter,  the  English  Bhortiii  of  tbe  North  Sna  are  lc6ft  exposed 
to  int-aaion  hy  the  waves  than  those  of  the  Netherlands  and  the 
pi-Qvinces  contiguous  to  them  on  the  north.  The  old  Nether- 
Inndisl)  chroiiieleB  are  tilled  with  the  n>f«t  Btartliiig  aceonuta 
of  the  damage  done  by  the  irrnptionB  of  the  oeean^  from  west 
winda  or  extraordinarily  high  tides,  at  times  long  before  any  con- 
Biderablo  extent  of  seacoast  was  diked.  Sevenil  hundreds  of 
these  terrilile  inundations  are  recfH-ded,  and  in  many  of  them 
the  loHH  of  liiiiiian  livet^  ig  ofttiiibatod  as  high  as  one  hundred 
thonsand.  It  is  irapoesible  to  doubt  tJiat  there  mnut  he  etinr^ 
incus  exag^ratioii  in  these  uunibere;  for,  with  all  the  recklcs 
hftrdihood  pbown  by  niou  in  bravjug  the  dangera  and  priva- 

remored ;  that  the  earth  cxcnvnteit  in  the  ooDBtractioa  of  Engluh  nti1ir»7a  op  U» 
that  dale  amooatod  to  a  haiidi«d  and  fifty  loillioa  oubio  jants,  and  that  at 
the  Bound  Down  Cliff,  aoar  Uorcr,  n  aagio  blut  of  ninAt«ca  thoosaad  ptmialB 
of  powder  blew  down  a  tbouaikud  millioD  toua  of  oltalk,  and  ooi-urvd  ftftaen 
ftcreK  of  Und  with  iho  fragmimta. 

Za  1808,  a  mum  «f  ouuble  equal  to  on«  ard  a  half  tiaes  tli«  cnbical  ccintmtfl 
of  tbe  Daonin  at  Florenoe,  or  aboat  4M,00D  cubio  yards,  wm  thrown  down  at 
Canazaby  oua  blaai,  and  two  boon  after,  anothor  etiaal  laaan,  wbiob  bad  been 
looeeaad  by  tbo  exploflion,  fell  of  itaelf. — /oLyANKLLi,  />f  Lvnipuimt,  p.  43. 

Tbe  oottl  yeaily  «\tiact<d  from  the  minea  of  Bu^aiid  avengee  Dot  lc<»  Uiaa 
100,000,000  tonn.  Thi>  efMSciSo  gravity  of  Britifih  coat  nuicea  from  1.30  to  I.SS, 
sad  conaeqnently  we  may  allow  a  cubic  yard  to  tb«  ton.  U  we  add  th«  earth 
and  rock  removed  in  ordor  to  reaob  the  uoal,  we  shall  hare  a  yearly  amooiit  of 
excavation  for  thia  one  object  equal  to  nore  than  thirty  uoiee  tli«  volume  of 
the  pyramid  of  CheopB. 

Tlieie  aze  wooderfol  acbieTomenta  of  bnm&n  indastry;  bat  the  ratndlUvf 
nf  Chioiffo  within  a  ainfir'e  y^ai^  after  the  firreat  fire — not  to  ^>eak  of  the  «uHMe>- 
diiuirY  material  iinpror«iiiL<tit«  provJouflly  esocuted  at  that  cil^'-nupaena 
tbem  all,  and  it  prat-ably  iurolml  the  vxpoDditure  of  ii  iiim  of  ma.icalar  Kod 
of  moral  energy  which  hu  nevor  before  been  exerted  in  the  err nniiilleliiiiMil 
of  a  single  material  object,  within  a  tike  puriod. 
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tiona  attached  by  natnre  to  tbeir  birthplace,  it  Is  incoiiceivablo 
that  80  deiiBU  a  p^tpulati'on  as  such  wholesale  deiitructiou  of  lifo 
snppoees  couUl  tind  the  means  of  eubsi-stenc©,  or  content  itself 
to  dwell,  OD  a  territory  liable,  a  dozen  timea  in  a  century,  to 
9nv.]\  fearful  devastation.  There  can  he  no  doubt,  however, 
that  the  low  continental  sh-jros  of  the  German  Ocean  verj"  fre- 
quently suffered  iuunense  injury  from  inundation  by  the  sea, 
and  it  is  natnrnl,  thercfi>i*o,  Umt  tlic  various  art«  of  rc»!6tance  tu 
the  enctriatrhnientfl  of  tlte  oi^ean,  and,  finally,  of  aggressive  war- 
fare upon  ita  domain,  and  of  peimanent  conr^uoat  of  its  terri- 
tory, should  have  been  earlier  Btudied  and  carried  to  higher  ^icr- 
fection  in  the  latt«r  coiiutrici>,  than  in  Englaiul,  which  Imd  k'«« 
to  loeo  or  to  gain  by  the  incursions  or  the  retreat  of  the  waters. 
IiideeJ,  although  the  confinement  of  swelling  rivers  by  arti- 
ficial embaukiueuts  is  of  great  antiquity,  I  do  not  know  that 
the  defence  or  acquisition  of  land  from  the  sea  by  diking  was 
ever  practised  on  a  large  scale  until  system atieally  undertaken 
by  the  Nothcrluuders,  a  few  centuric*  after  the  wimmenccnient 
of  lh«  Clu-istian  era.  The  silence  of  the  Roman  historians 
afforrls  a  strong  pi-esnmpcion  that  this  ai-t  was  unknown  to  the 
inhabitants  of  the  Netherlands  at  the  time  of  the  Roman  inra- 
sion,  and  the  elder  Pliny's  description  of  the  mode  of  life  along 
the  coast  which  had  now  buen  long  diked  in,  applies  precisely 
to  the  habits  of  the  pet^plo  who  live  on  the  low  inlands  and 
uiatnlnud  flats  lying  outside  of  the  chain  of  dikes,  and  wholly 
unprotected  by  embankments  of  any  sort. 


Origin  of  Scar<l\kM, 

It  has  been  conjectured,  and  not  without  probability,  that  the 
causeways  built  by  the  Ikomans  acix>M  the  marshes  of  the  Low 
Countries,  in  their  campaigns  agatnet  the  Germanic  tr)be»^,gavo 
the  natJTOS  tlie  first  hint  of  the  utility  which  might  ho  derived 
frmn  similar  constructions  applied  to  a  different  purpotte.*    If 

*  It  hui  oft«o  t)0«a  &Il^(ed  by  aminent  wrtl«n  tluL  a  part  at  the  fn*  in 
Unooliulkkra  vwm  rucWmud  b;  —  iKIfw  uudcr  the  gurenuacnt  of  tfaa  Ho- 
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this  is  so,  it  is  ono  of  the  mnst  interesting  among  tlie  manj  m- 


stftncea  in  which  the  arts  and  enginery  of  war  liavo  been 


80 


modified  as  to  be  cniincntlj  promotive  of  tlie  blessings  tif  jicaue, 
thereby  in  EK>nio  niGa^nrc  coin|iciisathii^  the  wrongs  mid  suffer- 
ings ihejr  Itave  inflicted  on  humanity.*    The  Lowlandere  are 


mosM.  I  luive  foaiid  do  tuicient  iTithnntr  in  Fnpitoit  of  tliia  aMerttca,  nor 
can  I  refer  to  K&r  pua^^  ia  Ronun  lit«ntnr«  in  vUdi  Kn-dUraa  aro  «xprMi- 
Ijr  meatumed  oib«rwiM  tiun  as  walb  or  pien,  except  that  in  FUnj  (iJifC  JTirt., 
xxxvi.  24),  where  iC  Is  a^d  that  the  TTrrheiuaa  Sc«  araa  axoluiloi  from  the 
LncriiM  Lake  hy  dikea.  Daplale,  whose  eathusiaBUi  for  hia  sabje«(  I'd  blm  (o 
bolieTQ  that  ^^cOTe^tn^  from  the  aea  land  aobject  to  b*  flooded  bj  H,  was  eC 
diTlne  appointment,  bacaoae  God  said :  "  Let  the  watcn  aodeT  the  heftren 
ba  gathered  bogether  anto  one  place  and  let  the  ixy  land  appeal,"  opheait*- 
tinjcly  awribes  the  reclamatioa  of  the  Llnooliuhlre  fens  to  tb«  Romam,  tboogh 
he  is  able  to  cite  but  one  authority,  a  pa  mage  in  TaciUu'a  Life  ot  Agricota, 
whlcib  oertaisljr  has  no  snch  in«mm^,  in  mpport  of  the  aaieition.— JBrtery  qf 
JMonutiMTit  iiHti  JJniinagt,  3d  editioo.  177:1. 

'  It  S«  worth  niojiUoaing-,  im  an  illastratioo  of  the  apptlcabUitT  of  tnOibuy 
tnftrumeatalitles  to  padOc  art,  that  the  eale  of  gucpowtler  in  the  UuJled 
Sialee  was  snallei  darisf  the  late  lebetUon  than  before;,  beoaoae  the  war 
canaed  the  nqiettiloa  of  many  pabUc  and  priTnte  improTrmenta,  1&  t2M  exe- 
cution of  wUoh  gnat  quantities  of  powder  were  naed  tot  Haatlllg. 

Thu  same  otMiefTaUoD  wu  made  in  Fnmco  dnring'  the  Crimeaa  wsr,  snd  it 
U  allei;<cd  that,  in  ireneral,  do(  ten  per  oeot.  of  the  powder  maniifactend  aa 
dther  aida  of  the  AUanila  ia  emplct)rad  for  mDitorj  porposea. 

The  MaatinK  for  the  MoimtCgnia  tunnel  coajomed  gunpoTrder  enough  to  fill 
more  than  300.000,000  muaket  cartridgca. 

It  u  a  fact  not  creditable  to  the  moral  senae  of  mwlem  dTflintloa.  that 
T817  man;  of  Um  moat  important  impcoremanta  in  maohiiMtj  and  ibe  woH:- 
Ing  of  netata  haT«  otigfnat«d  in  the  neoeMltfea  of  wnr,  and  that  man's  higfaeot 
bvenaity  hai  been  aboint,  and  many  of  his  most  remaritahls  trliianiha  aee* 
natoial  f oroea adklered,  in  the  oontrivance  of  engtnaa  for  MiiMliirtiwillim  uf  Ue 
frllow-man.  The  mililATj  nutrrial  emplojed  by  the  flnt  ?fapoilocai  ksB  be- 
oomv.  in  \vm  than  two  geneiationa.  aaady  ae  obaolet*  as  the  aliag  asid  sMiiini  M 
the  abapherd,  and  attaek  and  detenee  now  begfn  at  diatanooa  to  which,  b^  a 
oentaty  sffo.  mllitaTy  leooBnoiaaaneea  baHly  ext«nde'.l.  Upon  a  partial  vifxr 
of  the  subject,  the  boman  moe  seems  destined  to  become  [ta  own  exeea- 
1ioa<x-~-oo  the  one  band,  exhanrtitig  the  enpaettj  of  the  earth  to  fnnriwh  aaa- 
tananoe  to  bar  taakmacter ;  gn  the  other,  ooiapeiwntijig  diminishad  pcodwjtiea 
bj  inveBting  more  riWrlent  methods  of  extezminafting  the  euaaKmet;,  A&  tfaa 
praseni  monwat.  at  an  epoch  of  nniT«t«al  peaee,  the  whole  niTJiiaaJ  tnxU. 
with  the  b^^  excei^ioD  of  oar  own  oovatiy,  is  deyoslBg  its  tnawM  aaar* 
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Iieliered  to  have  aecared  some  cofl£t  and  bay  iskuds  by  ring- 
dikes,  and  to  have  cnibanked  fionic  frc^h-walcr  clmnnels,  as 
early  as  tbe  eighth  or  uiuth  ceitlury ;  but  it  docs  not  appear  tliat 
sca-dikee,  important  enough  to  be  noticed  in  historical  rocoi-ds, 
were  constructed  on  the  mainland  bofoi'e  the  thirteenth  cen- 
tury. The  practice  of  drnimng  inland  accmmilalions  of  water, 
whether  freeli  or  salt,  fur  the  pnrpoiKi  of  briuj^ing  nnder  culti- 
vation the  ground  they  cover,  is  of  later  origin,  and  is  eaid  not 
to  have  been  adopted  luitil  after  the  middle  of  tlie  fifteeitth 
century.* 

Oain  and  Zos9  <if  Land  in  the  ^otAerUtTtds. 

The  total  amount  of  surface  gained  to  the  agricnltwre  of  the 
Netlierlaiide  by  diking  out  the  sea  and  by  draining  shallow  ba}-s 
and  lakes,  is  estimated  by  Staring  at  three  hundred  and  fifty- 
five  thousand  htndrr  or  hectares,  eijual  to  eight  handred  and 
seveuty-sevcn  thousand  two  hundred  and  forty  acres,  which  la 
oiiMenth  of  llie  area  of  the  kiiigilom.f  In  very  many  instan- 
ces the  dikes  have  been  partially,  in  some  particularly  exposed 
localidev  totally,  destroyed  by  the  vioU-nee  of  the  sea,  and  the 
drained  lands  again  HrxHled.     In  some  cases  the  soil  tlius  pain- 

|iw,  vpfij\a%  the  liifbeit  exeroua  of  inrentita  ffiniiut,  to  Ihn  proiluotioD  ol 
naw  «>gtoe>  of  trar ;  utA  the  Uto  extnotdfaiuj  iIm  In  the  piioe  of  iron  »nd 
•epper  ik  in  greftt  pMt  due  to  tbe  oonaampttoa  of  tboM  metftlt  in  tbe  fKbricn* 
tion  of  KTOU  and  uacd  remela.  Tbe  idmple  aiibstitatiMi  of  ■b«et-copper  for 
paper  and  other  nuiterialii  ia  tlio  manufactnre  of  ouUidges  lian  inanaaed  the 
niAricet-price  of  copper  hf  a  Iuka  perocntoTe  on  Its  former  omt 

Bnt  wai  derelopa  great  ciril  viituea,  uul  biiugR  UiUi  actioti  a  degnw  and 
Idiid  of  ptifwcal  eni'rgj  which  Kliloro  foiU  to  awnkon  a  new  inteUectnal  Ufa 
in  a  pttt^le  tb«t  achieves  ^nai  moral  and  political  rranlU  throagh  gte&t  hero- 
iam  and  mdanncu  iukI  pcranvenmoa.  Domentic  eamiptiati  baa  d'^rojed 
more  nAtloiu  tb.ta  foreign  iHTavioii,  and  4  people  ia  nnlj  oaiiq;aered  till  it  liaa 
deaerred  aabjagatlpo. 

*  Staribio,  VaormaaU  m  Tkaru,  p.  IfiO. 

f  Idem,  p.  103.  Unob  tbo  Urgeat  pivportloo  of  Hie  Innda  »a  rrcliumad, 
tliougb  for  tbe  moat  part  lying  above  low-water  lldeiaailc,  are  nl  a  lower 
level  LtutQ  the  liincoluahjro  (oui),  and  more  vabjoot  to  isondatlon  from  tlw 
IrmptionB  of  the  nea. 
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fully  won  from  the  ocean  lias  1>CRn  entirely  I(«t ;  in  otbors  it 
has  been  recovered  by  repairing'  or  roliniMing  the  dikes  and 
pumping  otit  the  water.  Besides  this,  the  weight  of  the  dikaa 
gradually  rinks  them  into  the  soft  soil  beneath,  and  tliig  horn  of 
elevation  must  be  compensated  by  raising  the  surface,  while  the 
increased  bnrdcn  thus  added  tends  to  sink  them  still  lower. 
"Tetens  declares,"  says  Kohl,  '^that  in  Bome  places  the  dikes 
have  gradnatty  snnk  to  the  depth  of  sixty  or  even  a  hundred 
feet."*  For  these  reasons,  the  processes  of  dike-building  haxo 
boon  ahnost  everj'whero  again  and  again  repeated,  and  thaa 
the  total  expenditure  of  money  and  of  labor  iijxjn  the  works 
in  question  is  much  greater  than  would  appear  frotri  an  esti- 
mate of  the  actuul  uost  of  diking-in  a  given  e:(teut  uf  cuast- 
land  and  draining  a  given  area  of  watcr-anrface.f 


Zai«  of  Zand  hy  IncurnoM  of  Sea. 


On  t!ip  other  hand,  by  eitieion  of  the  coa^t-h'ne,  the  drifting 
of  sand-dunes  into  the  interiqr,  and  the  druwiting  of  fens  and 
morasecs  by  incni-aiona  of  tlie  sea — all  caused,  or  at  least 
greatly  aggravated,  by  human  improvidence — the  Xerherlands 

*  Vit  Intebi  und  MartiJken  der  MsrwofftAumer  SoAUavig  irauf  tfaffriw,  fit, ,  pt 
IM. 

f  The  poraly  ■grienlfcnral  Idaod  of  Polwortn.  oT  tho  ocuurt  of  S«lil«awi;, 
ooDtAining  «boat  10,000  som,  lumoallT'  oxpAodA  for  tbft  mamtetuuioti  of  te 
dikes  DOC  less  thnn  £6.000  aterlin^,  or  nearly  f:)0.000.— J.  a,  Eoai^  Jn4Jm 
vnd  MurtcJitu  SchUtaO/i  und  UUtUiit't,  iL,  p.  SfH. 

Vhe  ocigiml  cost  of  tho  dikes  of  Pclwonn  ii  not  ntatod. 

'*  The  gNAteit  pext  of  tho  province  of  ZooUnd  is  (urol^ct^d  bjr  dike 
in|r  'BOO  mfiM  til  luu^l).  Uie  auiotnunce  of  which  ooRts,  fn  unUnvT' 
more  Uun  «  mlDton  goitdem  [abo*«  f4M>,000].  .  .  .  Tb«  anao&l  expcaiB* 
tun  (oc  dike*  and  bydmulio  worka  in  HoUoad  is  from  firo  to  aoren  mOttM 
piilden"  (IB.OOO.OOOto  »2.aO0.OO01.— Wild,  JJk  A'iv^rt.ftrf^  i.,  p.  «. 

One  ia  Dot  aanj  to  letun  tliat  the  Spdniah  tjrra&ny  in  tlie  Netherfauida  luifl 
■ome  eontpenaatitma.  The  great  chain  of  rirv-dikea  whidi  mnroonda  a  laqp 
partof  ZMlandiadoeto  the  enei^y  of  Caspar  do  Robl— ,  th>  Bpaofah  ywwaar 
of  tiiat  prorinoe,  vbo  in  1S70  ordered  the  ooraatniction  of  thoat  wozka  al  Ika 
J>ablic  expenae,  aa  a  miLatitute  for  tUe  private  embaukiaeota  which  baiS  pR- 
viOBfl^  partuUly  lertod  the  same  |mrpu»e.— WiL'J,  Dlt  JRtderianddf  i^  p.  SL 
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ha\'0  lost  a  far  lar^r  area  of  land  fiinue  tlio  omnmenoeineiit  i>f 
tl»c  Clirisliflu  era  than  they  have  gained  by  diking  and  drnln- 
ing.  Slaring  despairs  of  tlie  jjosfiibility  of  calculating  the  lr«as 
friMii  the  first-mentioned  two  causes  of  deetnictioii,  Lot  he  e^ti- 
tnatca  that  not  Iwa  than  six  hundred  and  forty  thousand  bun- 
dor,  or  one  million  five  huiidrrd  and  eighty-one  tlioutiund 
acres,  of  fen  and  marsh  have  been  waahod  away,  or  rather  do- 
prived  of  their  vegetable  surface  and  covered  by  water  ;  and 
thirty-aercii  Uiuusaiid  bunder,  or  ninety -one  thoiiiiand  four  hun- 
dred aerea,  of  recovered  land,  have  been  lost  by  tlie  destrnetlon 
of  the  dikes  which  pmtct^ted  tJieni.*  Tlie  average  value  of 
laiid  gained  from  the  i^ca  ia  estimated  at  about  nineteen  pounds 
eterling,  or  ninety  dollars,  |»r  acre ;  wtiile  ttie  lust  fen  and 
DKHUfis  was  not  wortli  more  tJiau  one  twenty-fifth  part  of  tho 
same  price.  Tlie  ground  buried  by  the  drifting  of  the  dunoa 
appears  to  have  been  almost  entirely  of  thia  latter  c)iaraeter, 
and,  upon  the  wliole,  Ihoro  is  no  doubt  that  the  w»il  add^il  by 
human  industr}-  to  the  territory  of  the  Netherlands,  within  tho 
hiBtorieal  period,  greatly  exceeds  in  pecuniary  value  that  which 
has  fallen  a  prey  to  the  wave*  during  ihc  same  era. 

Upon  most  low  and  shelnng  coasts,  liku  ihoae  of  the  Xethor- 
lands,  tho  maritime  eurreuts  arc  ooiiatantly  changing,  in  con- 
sequenc'o  of  the  variability  nf  the  winds  >iiid  the  shifting  of 
the  fAnd-banks,  which  the  currents  themselves  now  form  and 
now  dispUcc.  While,  therefore,  at  one  point  tho  iwa  is  advano- 
ing  landward,  and  requiring  great  effort  to  prevent  the  under- 
mining and  wasliing  away  of  tho  dikcA,  it  isahoaling  at  nnothcr 
by  its  own  depoaits,  and  exposing,  at  low  water,  a  gradually 
widening  belt  of  sands  and  ooze.  The  coast-lands  selected  for 
dikiiig-in  are  always  at  points  where  the  sea  is  depositing  pro- 
doctive  soil.  The  Eider,  tlie  Elbe,  the  WeiMjr,  the  Ems,  the 
lUiiiie,  the  Maas^  and  tlie  Schelde  bring  down  large  quniilirioa 
of  fine  earth.  The  prevalence  of  west  winds  prevents  tho 
Traters  from  carrying  tliis  material  far  out  fir«n  the  rofl«t,  and 
it  is  at  last  deposited  northward  or  soutliward  from  the  mouth 
*  Starcco,  VoormaoU  art  TKaat,  p.  108. 
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of  Uie  rivcM  whicli  contribnto  it,  awordiog  to  tlic  varying  drift 
of  tlio  curreuto. 


Marijie  Deptmta. 


The  process  of  iiatnntl  deposit  which  prepares  the  coast  for 
dikicg-in  is  thus  described  \>y  Starliij^:  "All  sea-deposited  eoil 
i«  coutpofiod  of  the  same  con&titucnta.  First  tonnes  a  etratitin 
of  sand,  with  nuu-ine  ^hiill?,  or  tho  shells  of  mollusks  living  in 
brackish  water.  If  there  be  tideK,  and,  of  course,  ilowiii^^  and 
ebbiiifT  eiirreuts,  mud  i«  let  fall  iiptm  the  saud  only  after  the 
latter  has  beeu  niised  above  low -water  innrk  ;  for  then  only,  at 
the  change  from  flood  to  ebb,  is  tlie  water  &tiU  enough  to  fonn 
ft  deposit  of  BO  light  a  materia].  AVhere  mud  is  found  at  gruat 
depths,  as,  for  example,  in  a  large  proportion  of  the  Ij,  it  is  a 
proof  that  at  this  point  there  was  never  huy  considerable  tidal 
fluw  or  other  current.  .  .  .  Tlie  piiwerful  tidal  c-arreiita^ 
flowing  and  ebbing  twice  a  day,  drift  sand  with  them.  They 
scoop  out  the  bottom  at  one  pt>iut,  raise  it  at  another,  and  the 
Band-banka  in  the  current  are  continually  shifting.  Aa  aoon  as 
a  bank  raises  itself  above  low-water  mark,  flags  and  rccds  es- 
tablish themselves  upon  it.  The  mechanical  resistance  of  these 
plautii  checks  the  retreat  of  tlie  high  water  and  favors  the 
deposit  of  the  earth  suspended  in  it,  and  the  formation  of  land 
goes  on  with  surjiriBing  rapidity,  AVlicn  it  has  risen  to  high- 
water  level,  it  is  8<>on  c^tvered  with  grasses,  and  becomes  what 
is  called  sc/ior  in  Zeeland,  Jawelder  in  Fricsland.  Buch  ^ntiinds 
are  the  foundation  or  starting-point  of  the  process  of  diking. 
When  they  arc  once  elevated  to  the  flood-tide  level,  no  niura 
mud  is  deposited  itjwn  thorn  except  by  extraordinary  high  tides. 
Their  further  nae  is,  accordingly,  very  slow,  and  it  is  seldom 
advantageous  to  delay  longer  the  operation  of  diking."  * 


I 


*  Voormaai»  m  Tbattn,  pp.  180, 151.  Aooordin^  to  KeyentlOT,  emkftt 
fint  »iipf>nT  at  th«  boltom  in  khoiit  wat«r,  than,  afbec  the  depoidt  ban  : 
ftbove  tho  Rut'fiioo,  AiUcvnwi  hrrinieea,  Tfac  Suitioomia  ia  followed  l)j  nckwt 
aand-pltiitii,  nml  m  tho  grouncL  riiw,  \ij  Poa  dUtant  utd  Poa  marHmm,  mA 
finall;  oumoioii  gruMSMtttbUsh  thetaaolTOl.— 0//i  Markdannitatn poa  YMftft 
ten  af  BUnig,  pp.  7,  a 
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Tlio  formfttioii  of  new  banks  by  tlio  aea  is  ooustantly  ?•'"? 
on  at  pointe  favor&blo  for  the  depodit  of  sand  and  earth,  aud 
hence  opportunity  U  contmuallj  afforded  for  ewcloeure  of  new 
laud  ontside  of  that  ulready  diked  in,  the  c-oast  is  fast  iidvauc- 
iug  seaward,  and  every  new  enilwiikineut  in<rrea3e8  the  bcciirity 
of  former  enclosures.  The  province  of  Zeeland  consist:!  uf 
islands  washed  by  the  sea  on  their  western  coastfi,  and  Mtparated 
by  the  many  chanTiels  through  wluL'h  the  Schelde  and  some 
other  rivers  find  tlieir  way  to  the  ocean.  In  tlie  twelfth  century 
these  islands  were  much  smaller  and  more  numerous  than  at 
ppeeent.  Thoy  have  been  gnwlunliy  etilargcd,  and,  in  several 
instances,  at  last  connected  by  tlie  extension  of  tlieir  system  of 
dikes.  Walcheren  is  formed  of  ten  islets  united  into  one  aliont 
the  end  of  tho  fourteenth  centnry.  At  the  middle  of  the  fif- 
teenth century,  Gooree  and  Ovcrflakkee  consisted  of  wpai-ate 
isIuiidSf  euiituiuiiig  altogether  about  ten  tliuusunO  acrcH;  by 
means  of  above  sixty  successive  advances  of  the  dikes,  they 
have  boon  brought  t(i  compose  a  single  island,  whoso  area  is  not 
Imb  than  sixty  tlinusand  acres.* 

In  the  Netherlands — which  the  first  Napoleon  cliaracten'zed 
as  a  deposit  of  the  Khiuc,  and  as,  therefore,  by  natural  law, 
nglitfully  the  property  of  him  who  cuutwlled  tho  sources  of 
tliat  great  river— and  on  the  odjacwnt  Frlsic,  Low  Gertnau,  and 
Danish  shores  and  islands,  BCfl  and  river  dikes  hare  been  <»>d> 
structedonagrander  and  moroim[H«ingscale  than  in  any  other 
country.  Tho  whole  economy  of  the  art  has  been  there  most 
thoroughly  studied,  and  tho  literature  of  tho  subject  is  very  ex- 
tensive. For  my  prt*oiit  aim,  which  is  concerned  with  rci^ulta 
ratlier  than  with  processes,  it  is  not  worth  while  to  rc:for  to 

*  STAKno,  Yaarmaatt  m  TkattM,  p.  158.  Eohl  sUtM  that  Uw  pnniaxulu  of 
DUwazid  oa  the  oowt  of  llolst«in  ooiuiat«cl,  at  the  oIom  of  tin  l«at  oeiitor}', 
of  Bfirenl  isluida  meiiatiriiifr  ta|[«tiiBt  Igm  than  Bvu  thounnd  «cr«L  In  IH3T 
th«y  bail  beea  eotu)ect«d  with  tho  miinland,  and  biul  Deaily  doubled  ia  UM. 
^inMlA  u.  JAmelm  SeAImo.  HoU.,  Uf.,  p.  »& 
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profeanonal  Iratue^  and  I  gliall  content  myself  n-ith  preecnt- 
iog  each  tofonnation  as  can  bo  gathered  from  works  of  a  more 
popular  character. 

Tlie  euporior  strata  of  the  lowlands  ujton  and  nc&r  the  coast 
are,  as  we  tiaveseeii,  principally  composed  of  soil  brought  dovm 
by  the  great  rivers  I  have  mentioned,  and  eitiier  directly  de- 
posited by  them  upon  the  aaiida  of  the  bottom,  or  carried  out 
to  eca  by  their  currents,  and  tlien,  after  a  shorter  or  loii^or  ez- 
poeiirc  to  the  chemiL-al  and  raeclianical  action  (if  salt-water  and 
marine  cnrrente,  restored  again  to  the  land  by  tidal  overflow 
and  subsidence  fnnn  the  waters  in  which  it  was  suspendct).  At 
a  verj-  remote    period  tlie  coast-flats  were,  at  many  pointa, 
i-aibcd  £o  high  by  euccct^ivc  alluvitm&  or  tidal  dc[>u6it£  aa  tu  be 
above  ordinary  high-water  levels  but  they  wens  still  liable  to 
occaEloiial   inundation  from  river-fioods,  and  from  the  seawater 
alw^,  when  heavy  or  luiig-coutiuued  west  windis  drove  it  land- 
wards.   The  extraordinary  fertility  of  thle  soil  and  ite  security 
as  a  retn--at  fi-oin  hostile  violence  attracted  to  it  a  considorabla 
jKipiilu'.ion,  while  ita  want  of  pitttix^tion  against  uiundatiun   ex- 
pfiBed  it  to  the  devastations  of  which  the  chroniclers  of  the 
iliddle  Ages  have  left  suuh  highly  colored  pictuj-ea.     Tlie  fii*t 
permanent  dwellings  on  the  coast-flats  were  erected  up*»u  arti- 
ficial niminds,  and  many  eiiiiilar    prouai-ions  habitations  still 
exht  on  the  tuiwalled  islands  and  shores  beyond  the  chain  uf 
dikes.     Hivcr  embankments,  which,  as  is  familiarly   known, 
Iiavc  from  the  eai-lieiit  antiquity  been  employed  iu  many  ooan- 
tries  where   6ea-dike«  are  unkiiowji,  were  probably  tlio  first 
wor'.B  of  tills  chanictcr  c«>njtructed  in  the  Low  Countries,  and 
when  two  neight>oring  streams  of  fresli  water  had  been  era* 
!>anked,  the  next  step  in  the  pi'ocess  would  naturally  be  to  cun- 
iiect  the  river-walls   together  by  a  transverse  dike  or  rai^d 
causeway,  which  would  serve  as  a  means  of  commuuication  be* 
tween  diffcrtnit  liundets  and  at  the  s>hiiih  time  secure  tlie  inter- 
niediuto  ground  both  against  the  backwater  of  river-flix>da  and 
HgiiiiiBtiiverflow  by  tlie  6ca.    The  oldest  true  sea-dikes  de^A^rib- 
ed  in  historical  records,  however,  are  tliosc  euelosiug  islands  in 
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the  catiiaries  of  tbc  pvat  rivers,  aud  it  is  not  liHprMnHili  that 
tlio  (IniiTilc  chnractor  llioy  jwisecFfi  as  a  f^ecaritv  against  mari- 
time floods  and  a.s  a  militarj  rampart,  led  to  thoir  adoption 
upon  those  islands  before  similAr  constnictions  liad  been  attemjv 
ted  upon  the  mainlanrl. 

At  some  pffiuts  tti  the  coast,  variotia  oontrivanoes,  such  as 
piora,  piles,  and,  in  fact,  obstrnctions  of  alt  wirts  to  iho  obh  of 
the  current,  arc  einpbn'od  ^>  fainlitate  the  deposit  of  gliinc, 
before  a  rco;nlar  eiH'Ioeuro  is  commenced.  Usually,  howerer, 
tlie  first  step  is  to  build  low  and  cheap  embankments,  extend- 
ing from  an  older  dil<e,  or  from  high  ground,  around  the  parcel 
of  Hut  intended  to  be  secured.  Tlieee  are  called  summer  dikes. 
They  are  erected  when  a  sufficient  extent  of  ground  to  repay 
the  cost  has  been  elevated  enough  to  I»e  covered  with  coarso 
vegetation  fit  fur  [>asturage.  They  Bor\'e  both  to  secure  the 
ground  from  overflow  by  the  ordinary  flood-tidca  of  mild 
weather,  and  to  retain  the  slime  deposited  by  very  high  water, 
which  would  otherwise  be  partly  carried  off  by  the  rctrcAting 
ebb.  The  elevation  of  the  soil  goes  on.  slowly  after  this ;  but 
when  it  has  at  last  been  sufficiently  enriched,  and  raised  high 
enough  to  justify  the  necessary  outlay,  permanent  dikes  are 
constructed  by  which  the  water  is  exclndcd  at  all  seasons. 
These  embankments  arc  constructed  of  sand  from  the  const- 
dones  or  from  sand-lranks,  and  of  earth  from  the  mainland  or 
from  flats  ont«ide  the  dikes,  bound  and  strengiiiencd  by 
fascinoB,  and  provided  with  sluices,  which  are  generally 
fonndcd  on  piles  and  of  very  expensive  construction,  fur  drain- 
age at  low  water.  The  outward  slope  of  the  aca-dikcs  is  gentle, 
ejcperience  having  shown  that  tliis  form  is  least  exposed  to  in- 
jury l>oth  fiitm  the  waves  and  from  floating  ice,  and  the  most 
mtxlcm  dikes  arc  even  more  moderate  in  the  inclination  of  the 
seaward  scarp  tlian  the  older  ones.*  The  crown  of  the  dike, 
however,  for  the  last  tliree  or  four  feet  of  itA  height,  is  much 
sleciicr,  being  intended  ratliur  as  a  pmtcction  against  the  spray 

*  TIu  inriifinHon  Tftrin  tran  ooe  luot  om  In  knu  ot  baiut  to  on*  ioot  ia 
foait«eQ.— EoOL,  BL,  p.  210. 
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tfaAn  against  the  vmvca,  and  the  inner  slope  a  alwara  eompua- 
tivelr  abrupt. 

The  heigfat  and  tiudoieflt  of  dikes  vanes  aoeordtng  to  the 
ejeration  of  the  groond  Aer  encloae,  the  rise  of  die  tides,  the 
direetiOQ  of  the  prerailing  wi&ds.  a&d  other  special  canees  of 
expoanre,  bnt  it  mar  be  said  that  their  are,  in  general,  raided 
fnm  fifteen  to  twenty  feet  above  ordinarv  high-water  mark. 
The  water-filopea  of  riverdikes  are  protected  br  plantations  of 
willows  or  stnnig  eenii-a'iiiatic  Klinibs  or  graaeea,  bat  as  tltese 
will  not  grov  upon  b&iiks  exposed  to  Ealt-water,  aea-dikea  most 
be  faced  with  etone,  faectnes,  or  some  other  revH^metUJ* 
[Tpon  the  coast  of  Scfaleswi^  and  Hol&tetn,  where  the  people 
have  Ices  capital  at  their  command,  they  defend  their  embank- 
ments against  ice  and  the  vrarcs  by  a  coating  of  twisted  straw 
or  reeds,  which  mast  be  renewed  as  c^teo  as  once,  eometitnce 
twice  a  year.  The  inhabitants  of  these  coasts  call  the  cbiiin  of 
dikes  "  the  golden  border,"  a  name  it  well  deserraa,  whether 
we  eoppoee  it  to  refer  to  Jt8  enormous  cost,  or,  as  is  more 
probable,  to  its  immense  value  aa  a  protection  to  their  Sulda 
and  their  fi resides. 

When  ontlying  fiats  are  enclosed  by  bnilding  new  embank- 

*  The  diket  m  Mnnetimea  foanded  tqwo  pQ««,  and  tamaVtmm  proftwtll 
bjr  one  or  mon  nnra  of  pil«  diivcn  deeptj  dovn  into  Um  bod  fif  U10  ■«■  te 
froot  of  them.  "Triple  rem  of  pilM  uf  ScanSinBTlaii  ptne,"  «qrs  WBd, 
"bara  beeo  dxtrea  dowo  along  tb«  cowst  of  Piinduid,  whan  Ibna  mrm  as 
toua,  fpr  a  dirtanee  of  one  tioodnd  and  fift^  miles.  Tbe  piles  w  bovad  W^ 
(Bther  bj  ntnag  croBB-tiiaben  and  iroo  clampa.  aad  tbe  iutentioeB  filled  wiA 
iitoa««.  The  ground  wljaoeot  to  the  piling  ia  socored  with  fimiinee,  and  U 
axpoied  pointa  heavy  bloolu  of  ctooe  are  be&pcd  up  u  an  additional  proieo- 
tfauu  Tbe  eaztb-dike  is  bailt  behind  the  mif^htj  bnlwarit  of  this  fareakwaiar, 
aad  iii  toot  also  ia  fortiiied  with  stones"  ..."  Tbe  greai  H«ldar 
dUu  !■  about  five  railea  long  and  fortj  feet  wide  at  the  top,  Alon^  wbld) 
nuu  a  good  road.  It  slopes  down  two  houdred  fc«t  into  the  Ma,  at  on  ai^^ 
of  fort7  dc^(«s.  Tb«  bigbrst  waves  do  not  roscb  tbfl  eammit,  the  lomat 
slwaya  cover  its  beae.  At  certain  diatanoes,  tnnnenae  battrossas,  of  a  hsd^A 
and  width  propoitiooed  to  tbow!  of  the  dike,  and  ev«n  more  ^Oeogiy  tndlti, 
mn  sevexal  bundled  feet  ont  into  the  rotliog  sea.  This  figaoUe  aitintaid 
coast  is  enfeErelj  oomposed  of  h'onreguui  snudte." — Wu.D,  2X»  Nitdgriandt^  L, 
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ments,  the  old  intDi-ior  ttilceft  are  Buffered  to  remain,  both  as  an 
additional  Rocnrity  against  the  wavcs^  and  I)ecanee  the  removal 
of  them  would  be  expensive,  Tlier  Berve,  also,  aa  roadM  or 
caoscwavs,  a  purpose  for  which  the  embankments  nearest  the 
sea  are  Bftidnm  omploved,  because  the  whole  strncturo  might 
be  endangered  from  the  hreaking  of  the  turf  bv  whoehs  and 
the  hoofs  of  horses.  ^Vhere  euecoesivc  rows  of  dikes  have  been 
thua  coustnicted,  it  is  observed  that  the  ground  defended  by 
the  more  ancient  embankments  is  lower  than  that  embraced 
within  tlio  newer  cnclisareft,  and  this  depression  of  level  has 
!)oon  flsf>ril>ed  to  a  general  subsitlenco  of  the  coast  from  gGo- 
Irigiiyil  canses  ;•  but  the  better  opinion  seems  to  bo  that  it  is,  in 
most  cases,  due  merely  to  the  consolidation  and  settling  of  the 
eartli  from  being  more  effectnally  driwl,  from  the  weight  of 
the  dikes,  from  the  tread  of  men  and  cattle,  and  from  the 
movement  of  the  heavy  wagons  which  cany  off  the  (;rop9.f 

*  A  umiUz  «QbsKl«Doe  of  th»  lorface  is  obverred  in  tli«  diked  gruuail  of  tbo 
Linoolashire  fens,  whura  thoro  U  no  naaoo  to  Boapect  a  (onaal  depraoioQ 
trout  gvolo^cal  obowa. 

t  Tbe  sh&kini;  of  tbe  gronadf  area  wben  Inaded  wlUi  Itir^  Imlldlttgi, 
hy  th«  puMg«  of  hesTj  oftniACM  or  utiUtrj.  or  bj  the  mitrch  of  a  body 
of  ciiTalr7  or  even  in&mtry,  ahom  that  Boch  caoBM  may  prodaos  Important 
medumical  effects  on  tbe  ooodition  of  the  eoil.  The  bogB  in  tiie  NetfaerlniMlA, 
u  Id  moat  other  txrantrieK,  coutaia  large  nomberi  of  ruUon  trees,  boned  to  a 
eertoia  depth  b;  earth  uid  vcpitRblo  mould.  Vlhea.  the  bo^  ore  drjr 
enntigb  to  ■ervA  aa  paxtumi,  it  !■  obserred  that  tranka  ot  then  uKnvut  tveea 
ciso  of  theiaeelTet  to  the  carfaco.  Stazlue;  aacribcs  this  aicgntar  pbcnomenoa 
to  the  affiUtlon  of  the  f^rauitd  b^  tJie  trcail  of  catUo.  "  ^rhan  roadbeds," 
ofaaarvea  he,  "are  coiutructed  of  graTol  and  pebbica  of  diff«r«at ■!«»,  nod 
theaa  latter  are  pbtoed  nt  tbe  bottom  without  boiug^  brofam  and  mlled 
hard  together,  thoj^  ara  aoon  broitghc  to  tbo  top  hy  the  effect  nf  trav^  oq 
tiie  road.  Ljin^  looady,  they  omler^  aomo  motion  frum  tlio  pnsai^  of 
•my  wagon-wheel  and  the  tread  of  every  hmve  that  pa*Ma  orvr  Hmta.  Tbli 
Biotioa  la  an  oacQlatiaa  or  partial  rolling,  aud  M  one  aide  of  a  pebble  ia 
nwwd.  a  little  flae  aand  or  rbrtb  ia  foraed  oudcr  it,  and  the  hrquent  re- 
petition of  this  proceea  by  cattle  oi  cairiairca  moving  In  oppocite  dif««tJoiia 
briDgi  it  at  la«t  to  the  mrfaee.  We  nuy  anppoee  that  a  BimQar  effeefc  la 
pnxliit^  on  the  iiteina  of  tzeee  In  the  bogi  by  l&e  tre^'d  of  aniaaU,"— /]« 
^-ifm  ran  Xcdfrtatui^  L,  pp.  75,  76. 

It  is  obMnred  In  the  Kortheni  United  StaMa,  that  wban  acdla  oontaiaiBK 
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NotwitltstandLng  thi»  slow  einking,  mo6t  of  tlic  land  enclosed 
by  dlkoe  tB  still  Biwve  Iow-\\Titer  mark,  and  ««),  therefore,  bo 
wholly  or  partially  freed  from  raiii-wnter,  and  from  that  re- 
ceived by  intiltration  from  higher  ground,  by  sluices  opened 
at  the  ebb  of  tht  tide.  For  this  purjxwt;  tJve  land  is  carefnlly 
diteiied,  aiid  advautiige  is  taken  uf  every  favurablo  occasion  for 
dischorging  tlie  water  throur^h  tlie  slut^ics.  liut  the  gix>und 
cannot  be  offcctnally  drnine<l  by  this  moans,  unless  it  is  ele- 
vated four  or  five  feet,  at  bast,  above  the  level  of  tlie  obl>-tidc% 
because  the  ditches  would  not  otherwise  have  a  suSidcnt 
descent  to  can-y  tlio  water  off  iji  tlie  short  interval  between 
ebb  and  flow,  u.nd  be<»URe  the  nioitittiro  of  tlie  saturated  stib- 
6oil  is  alwap  rising  by  capillflry  attraction.  "Whenever,  there- 
fore, the  soil  has  sunk  below  the  level  I  have  mentioned,  and  hi 


pebblM  *r«  dursd  acd  cultivated,  and  the  atouea  r«mored  from  th«  Mufsoa, 
nair  pebfalMi,  nad  even  bowlden  of  Tonnj  ponnda  weijrfat,  oootlnnA  to  «h(nr 
tl)«Tns«lveM  alK>v«  tb«  (fcound,  ever;  spriiiR,  for  a  long  aeri«a  of  yeaiB.  In 
olajre;  soili  tha  tenoa-poAts  ate  tbcown  ap  Id  a.  nuU&r  waf ,  and  it  is  not  Qn> 
common  to  h«  the  ]ow«r  nul  of  a  fence  ilian  graduaUj-  laiaed  a  foot  oe  avaa 
two  feet  atiare  tho  ^ound.  This  ming  of  stones  and  ttaeea  U  po|Mdulj 
Mcrtb«d  to  tbe  action  of  tlie  Kvere  fronu  of  tiuxi  dimabo.  Tli«  txptmkm 
of  tbe  Krouail,  (n  freesin^,  it  is  Hiid,  raiwea  it4  stirfioo,  and,  vlth  Hi»  lurCaeo, 
objecta  lyine  near  or  oonnectod  with  lb.  When  tbe  toll  tbAvmin  tbo  spring. 
It  nettles  book  ajcain  to  its  fonner  levol,  while  the  fKbbleti  and  po«ta  aru  pn- 
Tentod  from  aiokinff  u  low  u  bofoie  bj  looae  ennh  vrhioh  has  Calloa  tinder 
tbeiu.  The  tkot  that  the  elavation  apokon  of  u  obsenrud  gnljr  in  the  apviag. 
prea  ooantenaaoe  to  this  tbeorT',  which  ia  parhapi  appUcabls  al»o  to  tb* 
oaftm  atnted  bjr  Btarini;,  aoA  it  is  probable  that  tho  two  oausoa  abavo  aasigmd 
ooncjr  in  producing  tho  effect. 

Tbe  quBBtion  of  Ibe  sabauioncv  of  th*  Nvtliotlaudish  coast  baa  bean  mncli 
disoimed.  Not  to  mootion  earlier  geologfstA,  Veaema,  in  BOT«ial  «an}^A,  asd 
parttcokriy  in  Het  Daifu  wn  d*  XoorMifk4  KiuUtrekm  tan  ona  Land.  l^L, 
kddnow  man^  fnctN  and  arf^meobi  to  prom  a  alow  rinlriqg  of  tho  oortbaa 
|m>Tin«ca  of  HoUoad.  Lardcye  (Afaittemott  dutotet  mtauinait  do*  jCniM 
»Hrr.«nvM  dont  I»t  tftupg  hiatoriq^u*,  tS-^d),  upon  a  HtiU  fallcr  UTestigAUott,  mt- 
rivea  at  the  lamo  oonolosioD.  Tho  eminent  geolo^int  fitariog,  bow«rar.  wlw 
brieU/  r«ferB  to  the  snlijcct  In  /Je  Jixlent  tan  ytderbtnd,  L,  p.  3S6  */  mm., 
doM  not  cooaid«r  tb«  vrldenoe  loffloicnt  to  proT«  anythiDg  mora  tluw  tho  tith- 
ing of  tho  irarfaoe  of  tb«  poUen  from  drying  and  ooiuioliilatioiL — Se«  gt-r«<« 
Kbcldi,  La  Terrtf  vol.  L,  pp^  730,739. 
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cases  whcro  its  fini'fauc  has  never  i>oen  raiecd  above  it,  pnmps, 
woi'koil  bv  wimi  or  emiie  other  iiiocliaiiical  pDwer,  iiiu6t  be  very 
fnKjiieiitly  employed  to  keep  the  laiid  dry  cnuiigU  for  pftstufBgo 
and  cuUivatiou.* 

Draining  of  tha  Lake  of  Uixarlenu 

T!ie  flnbstitiition  nf  Btwiiii-<?ii>;inc9  for  tlie  feeble  nud  nncer- 
tain  nction  nf  windraiUs,  in,  dnviti}*  pumps,  has  uiiieh  facili- 
tated Uio  removal  of  water  from  tho  poldere  aa  well  as  tlio 
dratuiii^  of  lakes,  inanhes,  and  ahnllow  ba3*s,  and  thus  ^iv<ni 
Btieh  ail  iiiipiil&e  to  tlie^ie  enteiprisce,  that  not  leas  tliiin  one 
hundred  aiid  ten  tliousand  acres  were  reclaimed  from  tho 
waters,  und  added  to  the  agriciiltiiml  domain  of  tho  Netlier- 
laniis,  between  1815  and  185S.  The  moet  importanC  of  these 
undcitakinf^  was  the  draining  of  the  T^ke  of  Haarlem,  and  for 
tliis  pnr(K»;c  some  of  the  mtx-st  powerful  hydi-aulic  enpinew  ever 
coiialnicled  were  deelgtied  aTid  exueuted.t  The  orij^in  of  this 
lake  Is  uiiknuwu.  It  ia  anpptx^ed  by  Horae  geographers  to  he  n 
part  of  an  ancient  l>ed  of  the  Uliine,  the  ehannel  of  whieh,  aa 
there  ia  good  reason  to  believe,  haa  undcrf^one  jcrrcat  changes 
since  the  Roman  invasion  of  tlie  Netherlands;  by  othcre  it  is 
thought  to  have  once'  formed  an  inland  marine  olianiiel,  aopa- 


*  Tbd  deTfttion  of  Uifl  landa  enoloMd  bjr  diko«— oc  poMen,  ui  tliej  sn 
ca]l«d  in  n«l]«n(l — abore  low-wiit«r  mu-k,  d«p«ndx  atwn  the  bciebt  of  lbs 
ttcl«n,  or,  En  other  wonU,  api>n  the  diSenuuie  between  ebb  and  Hood.  The 
tld*  otnuoC  deposit  «arUi  Uglier  thui  it  flows,  uul  af r«r  the  KToniid  ia  onos  oo- 
oloiad,  the  deoaj*  of  tin  T«geteblflB  gmwu  npoa  it  oud  ifae  atldttton  of  nuumres 
do  not  ompcnMto  tho  dcprenloa  oooHiooAd  hj  drying  uid  ooBMUdatkm. 
On  the  coast  of  Zoeluid  uid  the  Uanda  of  Sontb  lloUaiid,  tho  tidei.  and  of 
oanTve  tha  mrfaoo  of  the  land^  depodted  bj  them,  an  no  high  that  the 
poldcn  can  be  drained  hy  dituhiu;  and  aJoioea,  bat  at  otb«r  i>oiuta,  a«  in 
the  raoloaed  gnmnda  of  North  ItoUaad  on  the  Zaidcnne,  whore  the  tide 
riaen  bat  three  fctit  or  eren  leM,  pumiriiiic  !•  utotmuj  Crom  Um  btffUmlng. 
— Stahiku,    Voormatiit  en  TAmu,  p.  153, 

t  The  principal  engine,  of  500  borw-powtti,  drort  «l*T*n  pompa  with  a 
total  delivoTT'  of  31.000  onbio  jmda  per  hcmr— Wild,  Dtt  AWMiuwf*,  I, 
p.  B7. 
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rated  from  the  sea  by  a  chain  of  low  iftlanHn,  whiph  the  sai 
washed  up  by  the  tides  has  ainco  connected  wilh  the  mainlaDil 
and  converted  into  a  continuous  line  of  coast  The  beet 
aiitlioriti4i8,  however,  find  geological  evidence  that  the  surface 
owniiiied  hy  the  lake  was  origitially  a  marshy  tract  containing 
within  its  limits  little  solid  ground,  hut  many  ponds  and  inlete, 
and  much  floating  as  well  as  fixed  fen. 

In  consequence  of  the  cutting  of  turf  for  fnel,  and  the  de- 
struction of  the  few  trees  and  shrnhB  which  held  the  loose  boU 
togetlicr  with  their  ntot&,  the  jMrnds  are  snpposed  to  have  grad- 
nally  extended  tliem^elves,  nntil  the  action  of  the  wind  utx>ii 
tJuiir  eniargctl  surface  gave  their  waves  sufficient  force  to  orer* 
come  the  resistance  of  the  feeble  barriers  which  eeparate*! 
ihcEJi,  and  to  unite  them  all  into  a  single  lake  Popular  tradi- 
tion, it  is  true,  ascribes  the  formation  of  the  Lake  of  llaarlem 
tti  a  single  irruption  of  tl»e  sea,  at  a  remote  periud,  and  con- 
itects  it  with  one  or  another  of  tlie  destructive  inundations  of 
%Thich  the  Ketherland  chronicles  describe  so  many;  but  on  a 
map  of  the  year  15^1,  a  chain  of  fonr  smaller  waters  occupiea 
nearly  the  ground  afterwards  covered  by  the  Lake  of  Haarlem, 
and  they  have  most  probably  been  nnitcd  by  gradual  encruccli- 
inontK  rpAulting  from  the  iinpruvident  praetiees  above  refi'rred 
In,  thougli  nodoulit  the  coiiBtinimation  may  liave  been  hiu«t«*ned 
by  floTida,  and  by  the  neglect  to  maintain  dikes,  or  the  inten- 
tional destruction  of  them,  iu  the  long  war»  of  the  sixtoenUi 
ccntnry. 

The  Tjikc  of  Haarlem  was  a  body  of  water  not  far  ixom 
fifteen  miles  m  length,  by  fieven  in  groatest  wi<ith,  lying  be- 
tween the  cities  of  Amsterdam  and  I^yden,  running  {tarallcl 
with  the  coast  of  Holland  at  the  distance  of  about  dve  miloa 
from  the  eca,  and  covering  au  area  of  about  45,'KM)  acres.  By 
means  of  the  Ij,  it  coniniunicutod  with  the  Zuiderzee,  Uio 
Medttorranenn  of  the  Netherlands,  and  its  surface  was  little 
aliovo  the  mean  elevation  of  that  of  the  sea.  Whenever,  t]iera- 
fore,  the  waters  of  the  Zuiderzee  wei-e  acted  uixm  by  strong 
nurtli-west  winds,  those  of  the  Lake  of  Haarlem  were  ruiscd  pro- 
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portionHny  and  lirtven  eonthw&rds,  while  winds  from  Uio  eonth 
tended  to  create  a  flow  in  th«  opposite  direction.  Tlie  ftLores 
of  thfl  lake  were  even'whepe  low,  and  tlioujrli  between  the  rears 
1767  and  1848  more  tlian  $1,700,000  ha^l  been  expended  in 
uhccking  its  encroach monts,  it  ofton  burst  ita  barriers,  and 
pnKliuwd  dtwtnictive  inuadatioiig.  In  November,  1336,  a  ^nth 
wind  brought  Its  wntern  to  t.lie  very  gates  of  Amsterdam,  and 
in  December  of  the  same  year,  in  a  north-west  gale,  they  over- 
flowed twenty  thoueauJ  aorea  of  land  at  the  southern  extremi^ 
of  the  lake,  and  flocKitil  a  part  of  the  citj-  of  Leyden.  The 
depth  of  water  in  tlic  lake  did  not,  in  general,  exceed  fourteen 
feet,  but  the  lK>ttoin  was  a  ficrni-flnid  ottze  or  slime,  which  pnr- 
Utiik  of  the  agitation  of  the  wavec,  and  added  wmsiderably  to 
their  me<:Iianical  force.  Serions  feara  were  entertained  tiiat 
the  Uka  would  form  a  junction  with  the  inlaiul  waters  of  tho 
Legmeer  and  Mijdrecht.  Bwallow  up  a  vast  extent  of.  valuable 
K'il,  and  finally  endanger  tlie  sccnrity  of  a  large  proportion  of 
the  land  which  tlic  industry  of  Ilulland  had  gained  ill  the 
coarse  of  centuriee  from  the  ocean. 

For  thift  reftBon,  and  for  the  sake  of  the  large  addition  tlie 
bottom  of  the  lake  would  make  to  tlio  cultivable  soil  of  the 
etate,  it  was  resolved  to  diain  it,  and  the  preliminary  8tei»  for 
lliat  purpose  were  oommenoed  in  the  year  1840.  The  first 
iijwration  was  to  gnrntitnd  the  entii-o  lake  with  a  ring-eanal 
and  dike, in  orderto  cnt  off  the  communication witli  the  lj,and 
to  exclude  the  water  of  tlie  streams  and  mora«8efl  which  dls- 
cliai^d  thcmseh'cs  into  it  from  tho  land  side.  Tliu  dike  waa 
comjKieed  of  diiTcreut  matcriale,  according  to  the  means  of 
supply  at  different  points,  such  as  sand  from  the  coost-dnncs, 
earth  and  turf  excavated  from  the  line  of  the  ring-canal,  and 
Aoating  turf,*  fascines  being  everywhere  used  to  bind  and  com.- 


*  la  BBgtud  bbA  New  Kiglaad,  whsra  Um  mwKliM  Iiats  Iwaii  alrtmif 
Aniobi  or  Knot  oonp«mtiv«lj'  ■dsU  extent,  Um  «xi>teiic«  of  l«rs«  Soatfaig 
Uniidi  Hnnu  iticn>dible,  and  hu  BonMtiiiKa  booo  ti«U«d  m  •  Ikbla,  bat  bo 
gtosnphical  tact  is  better  ntablialted.  Kobl  {JrntU  uiuf  ManeAm  SMtmr^ 
/bfita'n*,  iii. ,  p.  SOB)  nnaiiub  na  thst  Fhay  mentioiu  omoiig-  the  wowlgs* 
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pact  the  maw  together.  This  operation  was  completed  in  1S48, 
and  tliree  Bteam-pnnips  were  theu  eniploved  for  five  years  in 
discliarging  the  water.  The  whole  enlerprise  waa  condiiuted  at 
the  expense  fjf  the  state,  and  in  1S53  the  recovered  lands  were 
offered  for  sale  for  its  honolit.  Up  to  1S58,  forty-two  thousand 
acres  had  been  sold  at  not  far  from  sixteen  pounds  sterling  or 

of  German;  the  QoutinK  utlanda,  oovered  with  trees,  whiofa  nut  tbe  i*«— - 
flteta  »%  tbe  moatluof  tbe  Elbe  nod  the  Vfeatsr.  Oaranthor  spealoi  almt  oi 
hmting  viidtiMl,  in  the  territory  of  Itrcmen,  floating  moors,  beaoiig  Bot  atij 
tumtM  bat  wbole  Tilliiges.  At  low  Ktnjrai  of  the  wnter  these  moon  reat  npoa 
A  bed  of  auu),  but  nre  rained  from  tax  to  ten  feet  b;  the  hiyh  watae  of  a^aaig^ 
and  rem&ia  afiont  until,  !□  the  courae  of  the  nirnmer,  the  water  *'"*»t**  te 
axhaailed  bj  aTapoimtion  and  draitiii^e,  wbca  the/  uiifc  down  upon  tba  MMid 
again. 

atariii{[  expTainit,  in  an  intereatintr  wa^,  the  Trhole  groTrth,  forauttiao,  and 
foQctionA  of  flo&tin^  f^na  or  bof^  in  hia  very  valuable  work,  Da  BoHm  nma 
Jftiitriand,  i.,  |)p.  IJ&-I3,     The  mbstauoa  of  his  acooant  is  aa  follows:    Tli« 
fliat  condition  for  tbe  growth  of  the  plants  which  ootnpoae  tbe  aahrtaiica  of 
turf  and   the  sotfoce  of    the   fen«,  b  stUlaeaa  of    the  water,     Uonoo  they 
are  not  fotin(!  in  running  »lrcrunit,  nor  In  pool*  ao  large  a«  to  be  aubjvct  to 
Creijueut  utptation  bjr  thu  winO.     For  iixauple,  not  a  xingle  plnnt  grew  in  \ho 
open  part  ot  the  Lake  of  Haarlem,  and  fetu  ccoM!  to  form  In  all  pools  aa  aooa 
aa,  by  Uie  ootUug  ot  the  turf  fur  fuut  or  other  i>arpuiKiii,  thcii  araiL  ta  aaiB- 
dently  f  iilargud  t»  1w  muob   acted  on  by  wind.     THipn  Bt;ll  water  abnre  ■ 
yanl  deep  in  left   uadbrturbed,  aiinutic  ]ilaut«  of  Tartou«  genera,  Fiteh  an  Vd- 
phar,  XymphaMn,  T.lmnanthemnra,  Stratiotra,  Polygonnm,  and  Fotamo;r**oti, 
All  t)iu  bnttom  with  nwU  and  oovcr  the  Kurfuca  with  Icavoa     Many  nf  the 
plants  die  ev«ry  year,  and  prepare  at  the  bottom  a  soil  fit  for  the  growth  of 
a  higher    order  of  TAgetatJon,    Pbraginitaa,  Aooms,  Bpar^niara,  BtitneT, 
Lytbmtn.  pBdicnlnKs,  Rplnwi,  Polyrticham,  Comamm,  Caltba,  etc,  eta     In 
the  oourse  of  twenty  or  thirty  yoara  the  niuddy  bottom  is  fillod  with  motaof 
aqoatie  and  maisb  planta,  which  are  lighter  than  water,  and  if  tha  depth  is 
great  enoogfa  to  gire  room  for  detaching  tliia  vagetaUe  network,  a  ooapla  ot 
yasda  for  example.  It  r!iea  in  the  niirfiu^A,  bearing  with  it,  nf  ponreo,  the  toU 
formed  above  it  by  decay  of  steinn  and  leareK.     Kew  genera  now  appear  apdo 
the  mass,  pnch  a  Cams,  Menyanthee,  and  others,  ard  noon  thickly  co'er  it* 
The  tnrf  has  now  aoqnircd   a  thickneas  of   from  two  to  four  feet,  and  ia 
called  in  Oroningen  lad ;  in  Kricfiland,  f^,  titiand,  or  dry/ttl ;  in  Ororijav', 
favt|7  /  nnd  in  Ilolland,  ritteod.     It  flortta  about  aa  diiren  by  the  wind,  giMl- 
nnlly  incmasing  in  thicknea  by  the  decay  of  itit  annnal  empi  of  vegefeatiott. 
and  in  abonl  h&tf  a  centnry  reocbea  tba  bottum  and  becomea  fixad.     If  II 
hai  aob  been  ioraded  in  the  meantime  \ty  men  or  oattla,  tree*  -  nd  ■ihiimwuiil 
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fierenty -seven  dollars  an  acre,  amounting  allagctber  to  £661, 000 
etcrliu^  or  $3,200,000.  Tbo  nnsold  liiinjti  wei-o  vulueil  at  more 
than  £^,000  or  nearly  $30,000,  and  as  ihe  totiil  co6t  wa«  £764,- 
600  or  about  $3,700,0OU,  the  direct  loss  to  die  state,  exclu&iroof 
interest  on  tbo  capital  expended,  may  be  stated  at  £iOO,000  or 
euiuetlting  less  than  (500.000. 

The  Bucoese  of  tliis  operation  has  cneouitiged  others  of  like 


{lUiitA,  Alntu,  BaIix,  Myrium,  eto.,  ftpp««r,  and  th«M  ooatriLute  to  basten  tha 
attadbmi'Bt  of  tb«  torf  to  the  bottom,  both  by  tbeir  weight  and  by  aeDdiiif 
thair  looU  quit*  tluou^b  into  the  grouDd." 

Tbia  ia  Iba  ragiiliu  melbod  emplojad  b;  natore  tor  the  grmdoal  filUn|[  ap  of 
ehaUovr  Lakes  aod  |>oob,  and  coavAtting  tbam  first  into  moiaaa  and  thca  into 
drjr  Und.  WbenGT«r,  therefore,  man  runovei  Ch«  peat  or  turf,  ha  «xeitj  an 
lajbtiouii  ifeogiapliUHd  a^teno;,  and,  ai  1  bava  alieudy  aaid,  tbeie  ta  no  doabi 
tha:  th«  immenie  eziaudon  of  the  inland  aeaa  of  UoUand  in  modem  timea  ta 
onrlnf  to  thia  and  other  fanman  inipnidencea.  "Ilundrcda  of  hactarea  of 
Hoatinp  paataim,"  saje  oaraolhor.  "  wbidi  have  nutliiitg  In  tlieir  appeannoa 
to  dUtlneniBh  thom  from  graaa'landa  nating  on  ■olid  bof ,  are  found  tn 
OvcrijneL  id  North  HoUanid,  and  near  Utnxdii.  In  abort,  Uiejr  occur  in  all 
deep  hog»,  and  whercvor  deep  water  is  left  lon^  andistarbed." 

In  onu  cmtM  a  Quating  iiibuid.  which  had  attauhtd  itmlf  io  the  diore,  ooa- 
linued  to  float  about  tor  a  lonjr  time  after  It  woa  torn  off  by  a  Rood,  and  waa 
•olid  enough  to  keep  a  pond  of  tredi  water  opon  it  tweet,  though  thu  water 
in  wlkic^  it  waa  awiniming  had  become  brackiih  from  the  irruplion  ot  the  scia. 
Aft«r  the  liaj  ia  cut,  eatUe  ate  paatored,  and  oocaaionally  ruut-uroiw  giown 
upon  thcae  Iriandw,  and  they  aometimea  hare  lar]^  treee  growing  upuo  them. 
When  the  turf  or  peat  hrji  been  cut.  leaving  water  lea  than  a  yard  deep, 
Bqulaetom  limoRnm  ;;:rowii  at  oace,  and  in  followed  by  the  second  ebua  of 
jnanhplaalameuLiuntnl  ubove.  Their  root*  do  not  become  detached  from  the 
bottom  in  mcli  ■Itiillow  water,  but  form  ordinaiy  turf  or  peat.  Theae  pro- 
oaoea  aco  wo  rapid  that  a  thickaeaa  of  from  three  to  m  feet  ut  turf  la 
fonned  in  half  a  century,  aod  many  men  have  lived  to  mow  graaa  where  they 
had  flahad  In  Ibeir  boyhood,  and  to  out  turf  twice  In  the  same  npol.  Ia 
Ireland  the  growth  of  peat  li  eaid  to  be  mooh  more  rapid.  Ei.iflfca  Ra- 
cLtB,  La  Terft,  L,  591,  592.  But  seo  ABBJiiiisaair,  T*n  6fi  Ti>n<dri/t,  U., 
S0,8(k 

Captain  GQllae  aaya  that  before  Lake  Tagnataga  in  Chili  waa  drained,  Uiero 
were  In  It  lolaoda  oompoaed  of  dead  i^ants  matted  together  to  a  thickneas  of 
Iron  four  to  lix  feat,  and  with  treea  of  nediun  aixe  growing  apon  them. 
TbBM  ialanda  floated  before  the  wind  "  with  their  tnea  and  fanwabg  oattle." 
—  (TniM  £tat«  Savat  jMnnmiea  &^4iit6n  tat^  SfiHAtn  B^Btttfl^^ 
pp.  18, 17. 
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natarc  in  EoUajid.  The  ZuidPlae,  which  coveroj  ll,&0Oacretf 
and  was  two  feet  deeper  than  the  Lake  of  Ilaarlcni,  has  bceo 
drained,  nnd  a  ftimilnr  work  now  in  eonnvo  of  exeontion  on  tu 
arm  of  iJic  beheld,  will  recover  about  35,000  aerea. 

In  a  oauBtry  Uko  the  Uitited  States,  of  ahnust   l>otmdl«B 
extent  of  gparstilv  inhahiled  territory,  (>uch  an  expenditure  for 
Bnch  an  object  would  be  po*jr  economy.    Bnt  Holland  has  a 
narrow  domain,  great    pcciiniai-y    reBonrcea,    aii   excedei««lj 
crowded  population^  and  a  conBcqnort  need  of  enlai^d  room 
and  opportunity  for  the  exercise  of  industry.     Under  such  cir- 
cuniBtancc6,  and  especially  with  an  exposure  to  daiii^rs  so  for- 
midaldo,  there  is  no  question  of  tJie  wisdom  of  the  measure. 
It  haa  ali-eady  provided  homes  and  occnpation  for  more  than 
five  thousand  citizens,  and  furnished  aprotitable  inveslinenl  for 
a  private  capital  of  not  less  than  £400,000  sterling  or  $2,000,- 
000,   whioh    has  been   expended    in    InipruvemtintB  over    and 
above  the  purchase  money  of  the  soil ;  and  the  gj-eater  part 
of  this  sum,  as  well  as  of  the  cost  of  drainage,  has  been  paid  as 
a  com^tcusatiiou    for    labor.      The    cxcets    of   governmental 
expenditure  over  the  receipts,  if  employed   in   confitrncUug 
ships  of  war  or  fortifications,  would   have  added  little   to  the 
military  strength  of  the  kingdom;  bnt  the  increase  of  terri* 
tory,  the  multiplication  of  homes  and  firesides  which  the  peo- 
ple have  an  iutei-est  in  dcfcndlii<;,  and  the  angmenratiiio  of 
af^riculturul   ret><:mrces,  coiistititto  a  Htronger  bulwark   against 
foreign  invasion  than  a  ship  of  the  line  or  a  fortress  armed  with 
a  hundred  cannon. 


Draining  of  the  Zvidersee. 


I  have  referred  to  the  diraininjj  of  the  Lake  of  Ilaarlem  as 
an  operation  of  great  gcogniphieiil  as  well  as  economical  and 
mechanical  interest.  A  much  more  gigantic  project,  of  a 
similar  character,  is  now  engaging  tlia  attention  of  the  Xechsr- 
landi&h  engineers.  It  is  proposed  to  drain  the  great  Bult-waisr 
basin  called  the  Zuiderzee.     This  inland  sea  covcra  an  area  g£J 
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uut  less  than  two  thousand  £quArc  miles,  or  Bl><>tit  one  million 
tlirco  hundred  llioo^and  acros.  The  lu-awnrd  half,  or  that  por- 
tion I.viug  nortli-weet  of  a  Uno  drawn  frtun  Eiikliuizeu  to  StH- 
vorcn,  is  bclioTcd  to  have  been  coiivcrtod  from  a  marsh  to  au 
open  hay  since  the  fiftli  century  after  Christ,  and  lliis  chaiigo 
is  ufi^^ribud,  partly  if  not  wholly,  to  tlio  interference  of  man 
vith  the  order  of  nature.  The  Zuiderzee  commnnicates  witli 
the  sea  hy  at  least  six  coiigidfraMe  uliaimcU,  acjianited  fix'tii 
each  other  hy  low  ibluuUs,  and  tlte  tide  ri:iei<  within  thu  ha&in  (n 
the  hei;;ht  <jf  three  foeL  To  drain  the  Zuiderzee,  Uiese  clian- 
nels  TuiiEit  first  be  closed  and  the  passage  of  the  tidal  fltKid 
tJinmgh  thcin  cut  off.  If  thie  be  done,  the  coast  i-nrrunts  will 
bo  rc&torod  approximately  to  tlie  lines  they  followiMl  fourteen 
or  fifteen  contnriee  a^  and  lltere  can  be  little  doubt  that  an 
approciuhle  offot^t  will  thus  he  pntduccd  n])bn  all  the  tidul 
phenomena  of  that  coast,  and,  of  course,  ufion  the  maritime 
geogmphy  of  Ilnllnnd. 

A  riii^-dike  and  canal  must  then  be  oonatructbd  around  the 
laudvu:d  &idu  of  the  basin,  tu  exeliide  and  carry  off  the  frcsh- 
watrr  streams  whiidi  now  empty  into  it.  One  of  th«*o,  the 
Ij&£i'l,  a  oonaidorablc  river,  luis  a  i^mrM^of  oi>;hty  milc6,  and  ir, 
in  fact,  one  of  the  outietft  i>f  the  lihine,  thon-irh  angTncnted  hy 
thf  waters  of  hevi-ral  iii'k'jn.*inU'iit  tributaries.  These  pwpa- 
rationft  i>eing  made,  and  |iorha|j8  Iran^venK)  dikoe  ei'ut-'tofi  at 
convenient  jiuint*  fur  dividing  the  f^idf  into  smaller  portioni), 
the  natcr  must  l>c  pnm}^»od  out  hy  machinery,  in  fiubetantialiy 
tlic  same  way  as  iulLu  case  of  theLukeof  UaarleiTi.*  Xo  safe 
calciilations  can  he  made  as  to  the  ex[>enditnrc  of  time  and 
money  required  for  the  exocntion  of  this  stnpendouB  enter- 
prise, but  I  believe  ita  practicability  is  not  deuied  by  compe- 
tent judges,  though  doubts  are  entertained  as  to  its  financial 


*  The  dc}>C!Dd<»ioD  ot  num  apoo  the  nJiI  of  Bpontaiuwiu  nature,  In  hla  loai 
uduooa  m>t«riiU  vrorka.  ia  otuioiuljr  iUii*tiat«U  hy  the  fnot  that  uao  ot  tlin 
most  serioiu  ili(Hca]ti«i  to  lie  <5nooiu]l4sad  in  Rxeoatiug  LhJa  ^yimtlo  •ofaenifl  In 
tbftt  of  procuring  bnubwooil  for  th«  fatdnuM  to  ba  Mnployeil  in  tbs  ooibukk- 
tDcntB.     8d()  Diggelflo*!  puaphlet,  "OnoU  Wgrken  In  XvteHjiad," 


4^ 


DRAIXIKO    OF   THK  ZCIDEUZEE. 


r 


expediency.*     The  geofrraphical  results  of  this  itu prove ment 
would  be  analogous  to  those  of  the  draining  of  the  I>&ke 
Haarlem,  but  many  times  multiplied  in  extent,  and  ila  ineteoi 
olo^ieaJ  effects,  though  perhaps  not  perceptible  on  the  coast, 
oould  hardly  fail  to  be  appreciable  in  the  interior  of  Holland. 

The  bearing  of  tlio  works  I  have  noticed,  and  uf  others  simi- 
lar iu  character,  upon  tlio  social  and  moral,  ae  well  as  the 
purely  e(«>ntimical,  intci-eiite  of  the  people  of  tlio  Netherlands, 
has  induced  mc  to  describe  them  more  in  detail  than  the  gene- 
ral purpose  of  this  volume  may  be  tliought  to  jtistifr ;  bat  if 
we  consider  them  simply  from  a  ^-o^^raplucal  [lomt  of  view, 
we  shall  fiud  that  they  are  pomsuiwed  of  iiu  suiall  importance  as 
modifications  of  the  natural  condition  of  terrestrial  surface. 
Tltore  is  good  i-cason  to  believe  tiiat  before  the  cstahlishnieiit  of 
ft  pai-tially  civilized  race  upon  the  territory  now  occupied  by 
Dutch,  Frisic,  and  Lt)w  Genuan  commnnitics,  the  grounds  not 
expoHcd  to  inundation  were  overj;rown  with  dense  woods;  that 
the  lowlands  between  tlie*o  forests  aiid  llie  sea-ectaets  were 
marshes,  cxivcred  and  purtinlly  eulidiiied  by  a  thick  matting  of 
peat-plants  and  shrubs  interspersed  with  trees  ;  and  tliat  even 
the  sand-dunes  of  the  shore  were  protected  by  a  vegetable 
growth  which,  in  a  great  measure,  prevented  the  drifting  and 
translocation  of  tliem. 

The  present  cjinees  of  river  and  coast  enjsion  existed,  in- 
deed, at  the  period  in  questiuu ;  but  some  of  thera  must  bare 
acte<l  with  less  ititensity,  there  were  strong  natural  safeguards 
against  the  influence  of  marine  and  fresh-water  currents,  and 
the  conflicting  tendencies  had  arrived  at  a  condition  of  approx- 
imate eqnilibrinm,  which   permitted   but  slow  and  gradnal 

*  The  plu9  *t  proMnt  moft  in  faror  is  that  wh{cfa  propoaw  tho  dninof^  of 
oaijr  A  poitinn  of  the  nouthem  hiilt  of  thu  Zuidonco,  wbloh  carom  uot  tar 
fcom  400,000  ncrcfl.  The  project  for  dm  onnntructioo  of  a  Rh[p-«iuud  dlraetlj 
from  Anstenlam  to  tha  North  .S«ft,  now  in  couiw  of  exooution,  embraeea  tlw 
dimbuge  of  tho  Ij.  a  nearly  Inod-lncJccd  t>a«ln  conunQnlDntinK  wfth  the  Zvl- 
dcTXMand  comiiig  nior<>  th&ii  12,000  acnw.  Se«  official  reports  on  tb< 
project*  in  Droosmakiag  wta  het  fuide^A  g«d«lt4  dar  Zuidgne*^  U  «*  QrQ^\ 
ttahage^  ItRM,  4ta. 
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changes  in  the  face  of  natnre.  The  dcstraction  of  the  foreeU 
around  the  sunrtes  and  along  ttie  vallcra  of  the  rivers  bv  niaii 
gave  tlttMn  a  tmn'o  torrential  ^^barac■tcr.  The  felling  of  the 
trees,  and  the  extirpation  of  tite  shrnbhery  upon  the  feua  by 
domoetic  rattle,  deprived  the  surfnue  <if  itit  cohesion  and  con- 
Bistence,  aiul  the  cutting  of  peat  for  fuel  opened  cavities  in  it, 
whicl),  filling  at  once  with  water,  rapidly  extended  themselves 
"by  abrasion  of  l}ieir  boitlcrs,  and  finallv  euhtrged  tu  |>o«ils, 
]ake6,  and  gvilfs,  like  the  Lake  of  Uaariem  and  tlie  northern 
part  of  the  Zuiderzee.  The  catting  of  the  wood  and  the  depa^ 
turing  of  the  grasses  upon  the  saud-dnnes  converted  them  from 
tK>lid  bulwarks  against  the  ocean  to  loose  accumulations  of 
dust,  which  every  sea-breesse  drove  farther  lanJward,  burying, 
I>erha|»s,  fertile  Boil  and  choking  np  water-cnurece  on  one  ude, 
and  cxpoaing  the  coast  to  erosion  by  the  aoa  upon  the  otlier. 

(ho^phical    ^fect    of    Phj»ical    ImprovtmenU    in    the 


Tlie  clmnges  which  human  actiim  has  produced  within 
twenty  conlurics  in  the  Netherlands  and  the  neighboring 
province*,  are  certainly  of  no  ginull  geographical  impttrtance, 
congidoro<l  sini]ily  va  a  dii-cct  (ine«tioD  of  loss  and  gain  of  terri- 
torj'.  They  have  also,  as  wo  slmll  see  hereafter,  tmdonhtedty 
been  attended  with  sumo  climatic  consequences,  they  have 
exon:it^ed  a  great  influence  on  the  RjiontarieouR  animal  and 
T^etablo  h'fu  of  this  region,  aitd  they  cannot  have  failed  to 
prodnce  effects  upon  tidal  and  other  oceanic  cnrrcnts,  the 
range  of  which  may  he  very  extensive.  Tlie  force  of  the 
tidal  wave,  the  height  to  which  it  risce,  the  direction  of  ita 
currents,  and,  in  fac-t,  all  the  phenomena  which  charactoriim  it, 
as  well  aA  all  tlie  efTccts  it  produces,  depend  as  much  upon  the 
(Knifigaratitm  of  the  c«>ast  it  washes,  and  the  depth  of  water, 
and  forui  of  lH>ttom  near  the  shore,  as  upon  the  attraction 
wliich  occaAiuns  it.  Every  one  of  the  terrestrial  conditions 
vihich  affect  the  cliaracter  of  tidal  and  otlier  marine  curreuts 
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haa  been  vcrj'  ecimihlj  mmdifieJ  by  tlie  o]«r&tiotiB  I  have  de- 
scribed, and  on  thJa  coa&t,  at  least,  man  ha«  acted  alinutt  as 
powerfully  on  tlie  phj'flical  geography  af  the  sea  aa  ou  that  of 
tho  laud.* 

Aftaienl  Jlydrttuiu)  Workt, 

The  hydraulic  works  of  the  Xetheilands  and  of  tlie  neigh- 
borujg  states  are  of  such  magnitude  that — with  the  exception  of 
the  dikes  nf  the  Mis-oissippi— they  quite  throw  into  tlie  fihmlc  all 
other  known  aru£eial  arninj^eiiiciits  for  defciidiiij;  the  luiid 
againet  tlin  em^  roach  men  t»  of  iho  rivers  aiid  iho  eca,  aud  for 
reclaimiitg  to  the  domain  of  agriculture  aiid  civilization  soil 
lou^  covered  by  the  waters.  But  although  tlie  recovery  anil 
pnitectJun  uf  lands  flooded  by  the  sea  bccius  to  be  an  art  wholly 
of  Nfthfrlaiidibh  origin,  we  have  ubiindimt  evidence  that,  iu 
ancient  as  well  as  in  conipai-atively  modem  timoe,  great  euter- 
prises  more  or  \e»s  analogous  in  character  liave  liecn  Aucoees* 
fully  nudcrtalcen,  boUt  in  inland  Eiiro^^e  and  iu  the  loisb  fajtiiltttr 
countries  of  tho  East 

In  many  cases  no  historical  record  rciuatus  to  infonn  tm 
when  or  by  whom  such  works  were  constructed.  The  GreeJcs 
and  Romans,  t)ie  latter  especially,  were  more  inclined  to  under- 
take and  carry  out  stupendous  material  enter]>rLscs  than  tu 
Iwast  of  tlieni ;  and  many  of  tlic  grandest  and  most  inipdrtant 
coDSlnictions  of  those  nations  are  absolutely  unuoticcd  by  ixiii- 
tftrnjK^rary  annalists,  and  arc  fiivt  mentioned  by  writers  living 
aftrrr  all  knowledge  of  tho  epodis  nf  tlie  projcutura  of  these 
works  had  perished.  Thus  the  aqueduct  known  asllie  Pont  du 
Gai-d,  near  2Cinics,  which,  though  nut  Burpai<snig  iu  volume  or 
in  ]iruliablo  cost  ot3ier  analogous  constructions  oi  andcut  aud 
uf  nio<leni  ages,  is  yet  among  tho  most  majestio  and  imjxiaxig 
remains  of  ancient  civil  arcliitectare,  is  not  so  much  as  epoken 

*  See,  on  tlis  iaflaence  of  the  artificial  modifii^Atioa  of  the  ooa«t'line  oa 
tid«a  lad  other  nutfinq  curreuU,  STaREio,  Ife  Sod^tn  tan  Sftdtritimt^  1,,  ^ 
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of  bv  any  Kuman  aatliur,*  and  we  are  iu  abf=oluto  ignorance 
of  tlie  age  or  the  comtructiou  of  tlic  rc-nmrkalrlo  tunii«^l  rut  to 
drain  Lake  Copats  in  lioxitia.  This  lake,  now  reduced  by 
wdinieutary  deposit  and  tlie  growth  of  aquatic  and  aemi- 
atjiintic  ve;^taliou  to  the  cundicioo  of  a  uiai-^h,  was  origiually 
purliiillv  drained  by  natural  eubtorraneuu  outlet*  in  tlie  under- 
lying llmeetoiie  rock,  many  of  which  6till  exi^t.  But  tliobe 
einittaritifi,  or  katavotJira,  as  they  are  called  in  both  ancient  and 
modem  Greek,  were  insutlicieut  for  the  disuliarf^  of  tiie  water, 
and  besides,  they  were  eonatautly  liable  to  be  clu>ked  by  earth 
and  vegetables,  and  in  such  cadcs  tlie  lake  roec  to  a  lieight 
which  produced  much  injury.  To  remedy  tliia  evil  and  secure 
a  great  acceeeion  of  fertile  eon,  at  some  period  anterior  to  the 
existence  of  a  written  Hterature  iu  Greece  and  ages  befora  the 
time  of  any  prueo  autlior  whuee  works  have  come  down  to  us, 
two  tunnels,  one  of  them  fonr  uailes  Iouj;,  and  of  course  uut 
inferior  to  the  Torloniaii  enuesary  in  leiifcth,  were  cut  through 
tlio  siilid  rock,  and  may  etill  be  followed  throughout  tlieir 
whole  extent  Tbey  were  repaired  in  the  time  of  Alexandor 
tlie  Great,  in  the  fourth  century  l>efore  Cbriiit,  and  their  date 
was  at  that  time  traditioually  referred  to  the  reign  uf  riders 
who  lived  as  curly  as  the  period  of  the  Trojan  war. 

One  of  the  best  known  hydraulic  works  of  tlie  Romans  is 
the  tunnel  which  serves  to  discharge  the  surplus  waters  of  the 
Lake  of  Albano,  about  fourteen  miles  from  IComo.     This  lake, 

*  One  naatm  tot  tlu  rilmM  ef  Bonun  vriUin  in  rwiwoA  to  gra»l  msteiial 
fn^nnVDMnt*  whtcdi  bad  so  bnowdiatA  r«1ftUon  to  mflfUiT  or  potltka] 
Ol^eota,  k  donbtl«u  tbe  oontenpfc  in  which  ni«:banlail  (i]>^ni1iuiM  aw]  ni»- 
cbaainl  eontrivsiicM  w«t«  h«ld  bj  thAt  nntioo  of  Kpoilftn.  £v«ii  tli« 
ma^btetr,  ttpon  wboM  skill  tlw  sUock  or  ilufcooo  of  a  gnMt  dty  dfprDdrd, 
WM  only  prteftv^iu  fahrnm,  tk«  inut«r-Mtlua,  u>d  lixd  no  mQltaiy  rnnk  or 
eoBunatid.  This  |ircjndif?fl  oantinBod  to  »  lato  pcriud  Id  th«  MiilOl*  Agni 
and  tbe  chi«fa  of  utiUvrj'  w«m  witisllr  witbont  grmdt  or  titl«  w  iK)Iiii«n. 

"  Tbo  oocnpatiotu  of  all  wtiaaiaa,*'  WjM  Cioero,  "  arv  tiMc.  aud  tli«  uliop  ou) 
have  nothing  of  th«  njMpMtabla."  iV  Offing,  I  L,  43.  Thi>  pcMltInu  of  Ui« 
nngeon  rnlativnljr  to  the  physician,  In  Rnirlan],  b  a  remnant  of  the  piania 
prajadlce.  which  itiU  ntrrirei  in  full  rifor  in  Italy,  with  rrgard  to  both  tnds 
and  indiua/.    ftc«  p.  A,  ante. 
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about  eix  iiiiles  in  circuity  occupies  one  of  tlie  craters  of  an  ex- 
tinct  volcanic  range,  and  the  surface  of  ite  vaters  ia  about  uine 
hundred  feet  above  the  sea.     It  Ia  fed  by  rivnleta  and  Btibterni- 
iivau  gpriiij^  ori^iitatiug  lu  the  Alban  Mount,  or  Monte  Oavo, 
the  must  elevated  peak  of  the  volcanic  group  jost  mentioned, 
which  rises  to  tlie  height  of  al)Out  tliroe  thousand  feet.      At 
present  the  lake  lias  no  diflcovorable  natural  outlet,  and  it  ia  not 
knovn  tliat  the  water  ever  stood  at  ench  a  height  as  to  flow  rc^ 
tilarly  over  the  lip  of  the  crater.    It  seems  that  at  the  earlicet 
period  oi  wliicli  we  have  any  aitthenriu  ineiuorials,  its  level  was 
usually  kept  by  evaporation,  or  by  discharge  through  subterra- 
nean clmnncls.  considcml>!y  bcluw  the  rim  of  the  basiu  which 
en«un£nu«ed    it,  but  in  the  year  397  cc,  tho  water,  either 
ft-om  the  obstniction  of  sueh  channels,  or  in  oonseqnbnce  of 
increased  supplies  from  iiukiiown  soui-ces,  rose  to  such  a  height 
as  to  flow  over  tlie  edge  of  the  crattT,  and  thi-eaten  inundation 
to  the  country  below  by  bursting  tbrough  its  walls.    Toobviate 
this  danger,  a  liniiH'l  for  carrying  off  the  water  was  pierced  at 
A  level  much  below  tbo  height  to  which  it  had  risen.    This  gal- 
lery, cut  entirely  with  tho  cJiisol  tlimugh  the  i-ock  for  a  distance 
of  six  thon&and  feet,  or  nearly  a  mile  and  one-seven tli,  is  still  in 
so  good  coiidiliou  as  to  serve  its  original  pnrjxtwj.    Tlie  fact 
that  this  work  was  con  tempo  ran  eons  with  the  siege  of  Veil, 
has  given  to  aucient  annalists  occasion   to  connect  the  two 
events,  but  modern  critics  are  inclined  tf>  reject  Li\y'6  account 
of  the  matter,  as  one  of  the  many  ini])robablo  fables  whidi  diV 
fignro  the  pages  of  that  hisrorian.     It  is,  however,  repeated  by 
Cicero  and  by  Dionysius  of  Ilalicaniassus,  and  it  is  by  no  means 
iniposoiblc  that,  in  an  ago  whou  priests  and  soothsayers  monopo- 
lized both  the  arts  of  natural  iiiai^tc  iitid  llio  little  which  yet 
existe<!  of  physical  seiem-e,  the  Governmont  of  Kome,  by  thoir 
aid,  availed  itself  at  once  of  the  superstition  and  of  the  mili- 
tary ardor  of  its  citizens  to  obtiuu  their  sanction  to  an  enter- 
prise which  Rotiudcr  ai^umcnts  might  not  have  induced  tliem 
to  api>rove. 

Stdl  mure  remarkable  is  the  tunnel  cut  by  tho  Emperor 
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Claudins  to  dram  the  Lttke  Fncinns,  now  Lago  di  Celano,  in 
the  fonner  Neapolitan  territory,  at)OUt  fifty  miles  eastwnrd  of 
Rome.  This  lake,  as  far  as  ita  hietory  is  known,  haa  varied 
very  considerably  in  its  dinieneiona  at  different  periods,  accord- 
ing to  the  cliaractcr  of  the  waaous.  It  Lies  2,300  fcot  above 
the  aea,  and  liiis  no  viBiblo  outlet,  but  was  originally  eitlier 
drained  by  nattind  HiiliterrBiiean  ouidiiits,  or  kept  within  cer- 
tain extreme  limits  by  evaporation.  In  years  of  nneommon 
moisture  it  spread  over  the  adjacent  soil  and  destmycd  the 
cro{i«;  in  dry  seasons  it  retreated,  and  pnxliiced  epidciuic 
dieeaao  by  poisonous  exhalations  from  the  decay  of  ve^rotablo 
and  animal  matter  npou  its  exposed  Ijcd.  Jidiim  Ca^Kar  luul 
proposed  the  otvuBtniction  of  a  tunnel  to  lower  tlte  bed  of  the 
lake  and  provide  a  regular  discliarge  for  its  waters^,  but  the 
cnterprieo  was  not  actually  undertaken  until  the  reign  of  Clau- 
diudi,  when — after  a  tenipuniry  failure,  from  crn)r8  in  levelling 
by  the  engineers,  as  was  pretended  at  the  time,  or,  as  now  ap- 
pean  certain,  in  i^oiuM^nenrc  of  frauds  by  tlic  eontractm-s  in  the 
execution  of  the  work — it  was  at  least  partially  cjinpleted. 
From  this  imperfect  construction,  it  soon  got  out  of  rei>air,  bni 
was  restored  hy  Hadrian,  and  is  said  t<i  have  answered  its  de- 
sign fur  some  ceutnrieti.*  In  tlie  barbarism  which  followed 
the  downfall  of  the  empire,  it  again  fell  into  decay,  and  though 
nnutciouB  attempts  were  made  to  repair  it  during  the  Middle 
Ages,  no  tolerable  snccsjss  seems  t-o  have  attended  any  of  these 
efforts  until  the  present  generation. 

Draining  of  Lake  Cdano  6y  Prinoe  Torlonia. 

Works  have  been  some  years  in  progress  and  are  now  sub- 
stantially completed,  at  a  cost  of  about  six  milliontt  of  dolloni, 
for  restoring,  or  ratlier  enlarging  and  robnilding,  this  ancient 


*  Ttie  ttt  aUndad  to  in  a  oots  od  il  07,  ontt,  that  sbcii  lli«  upMiing  of  a 
OOBUBVBicaMon  bctwMn  Lak«  Crinno  anri  th4  (lari^iAno  hj  Ui«  work*  notlMd 
fa  the  text:,  flab,  of  apecUH  common  tu  tbo  Inlto,  bat  wcA.  prarioualjr  (ouad  in 
the  ziTcr,  haT«  l>«ooia«  &*tiiraIiB«il  ia  tha  OarlgUaooi,  ia  a  drouoataaM  oC 
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ninnel,  npoii  a  scale  of  grandeur  which  does  infinite  honor  to 
the  liberality  and  public  spirit  of  the  projectors,  and  with  an 
ingenuity  of  desi^  and  a  wmstnictive  uliill  which  reflect  the 
highest  eredit  npon  the  prctfe^ional  abilitr  of  the  engineeni 
who  have  planned  tlie  works  and  directed  their  execution.  The 
len^h  of  the  Roman  tunnel  was  18,634  feet,  or  rather  more 
than  three  miles  and  a  half,  bnt  oa  the  new  emissary  is  dc^ei^ed 
to  drain  the  lako  to  the  bottom,  it  miist  be  (wntinned  to  the 
lowest  part  of  the  basin.  It  will  oonsoqnoQtly  have  a  Icngtli  uf 
not  le«8  than  31,000  feet,  and,  of  cjtirse,  ia  among  the  Iong«Bt 
fitibtcrranean  fralleries  in  Europe.  Many  cnrious  particnlare  in 
the  design  and  execution  of  the  original  work  have  been  ob- 
sen-ed  in  the  conree  of  the  restoration,  but  these  cannot  hero  be 
noticed.  The  difference  IwHween  the  htwcstand  hi^'-hest  known 
levels  of  the  snrface  of  the  lake  is  rather  more  than  finrty  feet^ 
and  the  difference  Iwtween  the  areas  covered  by  water  at  these 
levels  is  not  less  than  nine  thousand  acres.  The  complete 
drainage  of  the  lake,  ine1iidin<;r  the  ground  occasiooally  flooded, 
will  recover,  for  agricnlttiral  ottcupation,  and  pemmtieittly 
secure  from  inundation,  aliout  furty-two  thousand  acres  uf  u 
fertile  soil  as  any  in  Italy.*  The  ground  already  dry  euougfa 
for  cnltiration  furnishes  occupation  and  a  livelihood  for  a 
popnlation  of  16,0<K>  persons,  and  it  is  thought  that  this  ntun- 

MB*  v«i|^t  u  eridcDoe  ihwA  the  •mumrj'  wu  not  actoftU7  ofwn  in  uieieol 
Umt* ;  for  if  the  wntc^rB  hod  beca  roUly  oonneoted,  the  Bxb  of  tint  lake  wooU 
notanOlj  bftve  followed  tti«  dnoeoding  carrent  kimI  eatabli«h«d  themaelvM  fa 
the  nr^r  iks  thpy  h&ve  done  nov. 

*  Rprin^  riabv  in  th*  bcMoin  of  th«  lake  hiir«  tnAterialljr  impeded  the  prn- 
ocm  of  dnin^^  and  aoma  engimxcn  bclicre  that  ihc^  will  render  the  complete 
diMhMg«  ot  tb«  mtera  impoMbI«.  It  »pp«aa  th*t  Iho  earthy  ABd  rori^ 
Btxata  aodorljii^  thn  lake  ara  eztrcmdj'  porotu,  and  tfaat  thi  groaiul  alTe«dj 
hid  dry  on  tho  nufac*  absorbs  an  abnomuillr  lan^  proporttcm  of  the  pvMdp(> 
totioa  upon  it.  Thass  strBta.  Uusrcforu,  cunstiiuto  a  re*OCTuir  wUeh  eenlH* 
bat«H  to  msintabi  thn  ppriapi  frd  rh1«l1r.  ao  dotiht,  bj  nndet^^roand  obaaaali 
from  the  ludgliboiiiig  motmlaiaa.  But  it  U  highljr  profaaU*  that,  aftor  a  o«r- 
taln  tJna,  th*  pfoOMS  of  natnial  dMloeaCioo  notioed  in  note  to  p.  30^  (i/it«.  «riD 
dialn  thin  raaBmiir,  and  thn  antira  nimural  of  ths  aorfiaoe-vaier  will  then 
Boootnc  pnotKablc. 
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ber  will  he  angnioutcd  to  40,000  when  tlie  drainage  shall  be 
completely  effected. 

'  The  now  tunnol  foDnwe  the  line  of  tlio  rUndian  enit»tary — 
which  Ihoiifih  hadlj'  executed  was  admirably  engineered — but 
its  Bxia  ift  at  a  Boniewhnt  lower  level  than  that  of  tlic  old 
galUtrj*,  and  its  croBS-ewtioii  is  aI«Mit  tw«i  titiiidre<l  and  fifteen 
eqnare  feet,  allowing  a  discharge  of  (ilMiiit  2,400  cubic  feet 
to  the  Beeond,  while  tlie  liomoii  work  had  a  emss-scction  of 
only  one  hnndred  and  two  tujiiare  feet,  with  a  jioeeihlu  deliverj 
of  424  cubic  feet  to  the  Bccund. 

In  consequence  of  the  nature  of  tlic  rock  and  of  the  Rotl, 
which  had  been  ]oowned  and  shallercd  by  the  falling  in  of 
mnch  of  the  crown  and  walls  of  the  oUI  tunnel — every  stone 
of  which  it  was  necesBary  to  remove  in  the  pn^rreea  of  the 
work — and  the  great  head  of  water  in  the  lake  from  nnnsiially 
wet  iieaaona,  the  technical  diflienlties  to  be  aunnounted  wore 
moHt  baiHing  and  disconra^inrr  in  character,  and  of  such  extreme 
gravity  that  it  may  well  be  doiibteil  whether  the  art  of  engi- 
neering haa  anywhere  triumphed  over  more  seriona  olMtacloo. 
Th-B  great  "victory  of  jwace" — probably  the  grandest  work 
of  physical  improvement  ever  effected  by  the  means,  the 
energy,  and  llie  munificence  of  a  tingle  individual — is  of  no 
fimnll  gcograpliical  and  etxnKimical,  as  wuII  as  aanitary,  imj>or- 
tance,  but  it  ha^  a  Mill  higher  nioml  value  as  an  almtett  unique 
example  of  the  exercise  of  public  spirit,  courage,  and  jwrsever- 
nat-a  in  the  accomplishment  of  a  noble  and  beneficent  enter- 
prise by  a  private  citizen.* 

The  cratcr-lako  of  Xcrai,  in  the  same  volcanic  region  as  that 
of  Albano,  is  al**"  drained  by  a  subterraneaM  tunnel  probably  of 

*  The  drmhunff  of  Lake  Celano  was  nndortakmi  b^  n  oompsiij,  bnt  Prfncs 
JUoMBOdio  ToxIorU  of  Boaie  bought  up  the  iiit«rot>t  of  til  th«  aharoboUNos 
sad  ha*  Bxeenlcd  the  entirfl  work  u  hui  own  pHT»tu  l^sIR■llw.  Honlriehcr, 
tlifteel«bnt«dogcartniotor«f  tbegTOAt  aqaoduct  o(  M&ncll]«A,  wu  Um  angt* 
necr  who  dedi^ed  aod  putly  carriod  ont  tha  plmm,  mkI  uttft  lib  lamrataUtt 
dMth  ttu  work  hu  tM€ii  diroctod  with  equal  ablUtr  hj  Bermont  and  Briaa. 
— five  Lanir  mi  noTuoo.  Pntteimffmaailo  dd  Logo  faaiito^   8to.   PImnM. 
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B  temporary  pnuso ;  but  if  tlie  outlets  are  lowered  so  as 
drain  the  reservoirs,  tlie  ton-ents  continue  their   rapid 
through  the  ancient  bed  of  the  basins,  and  carry  dofwn 
them  the  sand  and  gravel  with  whieli  they  are  charged,  in- 
stead of  tleptsiting  their  burden  as  before  in  the  »tiU  waters  of 
the  lakes. 

It  is  a  common  opinion  in  America  that  the  river  meadows, 
bottoms,  or  intermiefy  as  they  arc  jwp'iUrly  called,  are  gene- 
rally the  bods  of  ancient  hikes  which  have  biiret  their  1>arriers 
BTid  left  rnniiing  cnrrciib*  in  their  place.  It  was  shown  by  Dr. 
Dwight,  many  years  ago,  thai  this  is  very  far  from  being  ani- 
TcrsjiJly  true ;  but  there  is  no  doubt  that  mountain  lakes  wero 
of  much  more  frequent  occurrence  in  primitive  than  in  niodom 
geography,  and  tlicre  arc  many  chains  of  such  still  existing 
regions  whero  man  ha»  yet  little  disturbed  tlic  orijijinal  fi 
tnrcs  of  the  earth.  In  tlio  long  valleys  of  the  Adiron 
range  in  Northern  Now  York,  and  in  the  mountainous  parts  n 
Maine,  eight,  ten,  and  even  more  lakes  and  lakelet«  aro  i^nie- 
times  found  in  snccesflion,  each  emply-ing  into  the  next  lower 
pool,  and  so  all  at  last  into  some  considerable  Hvor.  Wlicn 
the  monntaiii  glopcs  wliich  supply  these  boGius  shall  bo  Btn'[»- 
ped  fjf  their  wood^,  the  augniented  swelling  of  the  lakea  u-ill 
break  down  their  barriers,  their  Waters  will  run  off,  and  th© 
valleys  will  present  succesifiions  of  tlals  with  rivere  niuning- 
thi*ough  tliem,  instead  of  chains  of  lakes  comiecEcd  by  untur^ 
canals. 

A  siiioilar  state  of  things  seems  to  have  existed  in  the  ancient 
geography  of  France.  '*  Nature,'*  says  Lavergne,  "  has  not  <a- 
cavatcd  on  the  flanks  of  onr  Alps  rofiervoirs  as  magnifit^ent  as 

duct«d  into  the  cutala  of  irrCiiratioii,  ^como«  a  oouroe  of  grent  feittllt7.**— .Id 
/Viprirta  Fortdiarin,  ato.,  p,  144. 

Tlie  quantity  of  water  r«u»]>Lug  from  the  lakes  b;  uifiltration  depends  mach 
on  tUe  h^dicMUdc  proHsuro  on  the  bottom  iumI  tlie  walbi  of  tiio  lako-tMjdiu,  nd 
coi«»^qiientIy  tha  dcprrwfinn  of  llio  iaVe  BurfAce,  diminiiibing  this  pniwiuii 
would  dimmish  the  isliltratiou.  IlcO'eo  lb  ia  poMtiblc  that  the  lowerfnc  a( 
tbe  l«Tet  of  these  lalceH  would  mimifrHt  iuulf  in  a  d«creuod  supply  o{  waXm 
foi  the  apringa,  fontamli,  and  voUa  of  Lombardy. 


DKAryiNO  or  sw.utFe. 

thoee  of  Lombardy;  eUe  had,  Ijowevor,  coDStructed  smaller 
but  more  numentus  lakes,  wliicU  the  improvideiiuc  of  iiiaii  bas 
ponnittcd  to  disappear.  Augu^te  de  Ga^parin  deuionfiUuiud 
more  than  thirty  years  ago  tliat  many  natural  dikes  formerly 
existed  in  tbo  mouut-aiu  valloye,  whidi  have  been  swept  away 
by  the  waters."  * 

Many  Alpiuo  valleys  in  Switzerlaiul  and  Italy  prcsont  un- 
qneKtif^iablu  evidence  of  Uie  funner  existeutK  of  cliaiiis  of  lakcA 
ill  Uieir  basins,  and  tbia  may  lie  regarded  as  a  general  fact  in 
r^ard  to  the  primitive  top'jgraphy  of  monntaiuoufi  regions. 
Where  the  forests  have  not  been  deatroyod,  tlie  lakes  reuiaiu 
as  charact^risiic  features  of  the  geofi^rapbical  surface.  But 
when  tlie  woods  arc  foiled,  tbeee  rescrvuirsaro  sooner  or  later 
filled  up  by  wasti  from  iho  fthorw,  and  of  course  disappear. 
Geologists  have  calculated  Uie  period  when  the  bottom  of  the 
Lake  of  Geneva  will  be  levelled  up  and  its  outlet  worn  do^vn. 
Tlie  Rliouc  will  then  flow,  iu  an  unbroken  current,  frum  ite 
source  iu  the  great  Khono  glacier  to  the  MeUitcrroueau  Sea. 


Draining  of  Svtampg. 

Tlie  reclamation  of  bogs  and  swani|i9  by  draining  off  the 
surface-water  is  doubtless  much  more  ancient  tlian  tiic  di-aiii- 
ing  of  lakes.  Tlte  beneficial  refiults  of  the  former  mode  of 
improvement  are  more  unequivocal,  and  balanoed  by  fewar 
disadvantages,  and,  at  tlio  same  time,  the  prurcsees  by  which  it 
is  effected  are  much  simplor  and  more  obvious.  It  luw  ac- 
cordingly been  practised  through  the  whole  historical  period, 
and  in  recent  times  operations  (vr  this  purpose  have  awunicd  a 
m^iitndo,  and  been  attended  ^^Hth  economical  as  well  as 
sanitary  and  geographifral  effects,  which  entitle  them  to  a  high 
place  in  the  efforts  of  man  to  ameliorate  the  natm'al  conditions 
of  the  Soil  he  occupies. 

The  methods  by  which  the  draining  of  mArshee  is  ordinarily 
aeooniplishei]  arc  ton  familiar,  and  examples  nf  their  sncccsufnl 

*  £ommie  Jturak  ifa  la  JVmwi,  p.  ae>. 
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employment  too  freqnent,  to  require  description,  and  I  Bhall  coo- 
tent  myself,  for  the  moment,  with  a  brief  notice  of  eome  recent 
operations  of  this  sort  which  are  less  generally  known  than  thetr 
important^  merits. 

AVitliin  the  present  century  more  than  half  a  million  act^ 
of  svamp-land  have  been  drained  and  bronght  nndcr  cultiva- 
tion in  Hangar^-,  and  worka  are  in  progreas  which  will  nltt- 
matcly  recover  a  still  larger  area  for  human  oae.  The  nmc 
remarkable  feature  ()f  these  operations,  and  at  the  Evroe  time 
the  proceed  which  has  been  most  immediately  fiucccwfnl  and 
remnncratiTe,  is  what  is  called  in  Europe  tho  re^^^Uion  of 
wator-courwa^  and  especially  of  the  Kiver  Theisa,  on  tlie  lower 
course  of  which  stream  alono  not  leee  than  260,000  acre^  of  pea- 
tilcntial  and  wholly  unproductive  marsh  have  been  eonvortcd 
into  a  healthful  region  of  Che  most  exuberwit  fertility. 

The  regalatiuu  of  a  river  oonststB  in  straightening  itsdumnel 
by  cutting  off  bends,  securing  its  banks  from  eroeion  by  floods^ 
and,  where  necessary,  by  constructing  embankments  to  otttifinc 
the  waters  and  prevent  them  frc.m  overflowing  and  etagnating 
upon  the  low  grounds  which  skirt  their  current.  In  the  conree 
vi  the  Theifts  ationt  sixty  bends,  inclnding  some  of  conpidomble 
length,  have  been  cut  off,  and  dikes  sufficient  for  sccuritig  the 
land  along  iU  banks  againet  inuudation  have  been  constracted. 
-  Many  thousand  acres  of  land  have  been  recently  permuiently 
improved  in  Italy  by  the  draining  of  swarapa,  and  extonsire 
operations  ha^'C  been  projected  and  commenced  on  the  lower 
lllmne.  and  eUewhero  in  Krnnee,  with  tho  same  object.* 


*  Vtrj  int<re«ttng  nnd  important  experiinaiU,  oa  the  pnrticabilltjQf 
iag  oat  th«  nit  front  amwcwst  laada  too  UgMT  ImptegMtad  wiUi  that 
•o  be  fit  for  eoltfrsdoii,  ■>•  now  in  pronnM  oeu*  tlM  month  of  the  Rhoai, 
wbtn  miUioiM  of  mvw  of  manfaj'  moil  can  vamly  be  reoOTond,  if  tbeoe  cxpcri* 
mratAUa  meocKfo], 

S9e  Dtrpoxcmu.,  7Viii2^  d'Ifydntvb'yve  et  <lf  Qi<HogU  affriooim.  Pads,  1811% 
cb&p.  xi.  and  xil. 

In  th«  D«i([bborhood  of  Femn  an  pooii  and  nanhas  oondag  OMri/  two 
fanadred  aqtuira  raflcii,  or  ft  mrfaoe  more  than  eqiaal  to  dglit  Amctioan  tvwB> 
■hlpa.  C«ntilfii|ml  Mtun-pumpi.  of  2,000  hono^Mwez,  eopablo  of  dinolMuyinr 
more  than  dz  faaodnd  ukI  fif  t/  millioiu  of  gaUom  of  WKtcr  p«r  daj,  hat* 


4 


DaAINTKO    OF   SWAUTS. 


437 


But  there  is  probably  no  country  where  greater  improve- 
iiirntg  of  tliiB  eort  Imve  either  been  lately  effected,  or  are  now 
in  oouree  of  aooompliBhiDCiit^  tlian  in  our  own.  Not  to  8j)cak 
of  well-known  works  on  the  Xew  Jersey  seacoaet  and  the 
shores  of  Lake  Micliigan,  the  people  of  the  new  ^tate  of  Cali- 
fornia ore  engaging  hi  this  mode  of  aat>diiiu>r  nature  with  as 
mnoii  enterjirisc  and  energy  as  tiiey  have  ehown  in  the  search 
for  gold.  The  ItojKirt  of  the  Agrieuhural  Department  of  the 
United  States  for  January,  1872,  notiecs,  with  more  or  lefts 
detail,  several  highly  sncceesfiil  experiments  in  California  in 
tlie  way  of  swamp-drainage  and  (securing  land  from  overHow, 
and  it  nppcars  that  not  far  from  20i),00U  acres  have  either  very 
recently  undergone  or  wilt  soon  bo  subjected  to  this  method  of 
improvement 

AgricuUunU  J)raining^ 

I  have  commenced  this  chapter  with  a  deflcription  of  the 
dikes  and  other  hydraulic  works  of  tlie  Netherland  engineers, 
beoanse  Iwth  Uie  immediate  and  the  remote  results  of  such 
operations  are  more  obv'ioua  and  more  easily  measured,  though 
certainly  not  more  unportant.  than  those  of  much  older  and 
more  widely  diffused  modes  of  resisting  cir  dii-et^ting  the  flow 
of  waters,  which  have  been  practiBcd  from  reinutc  antiquity  in 
tiic  interior  of  all  civilized  countries.  Draining  and  irrigation 
are  habitually  regarded  us  purely  agricultural  proeessoe,  having 
little  or  no  relation  to  teclmical  ge<^raphy  ;  but  wc  shall  find 
that  they  exert  a  powerful  iutluencc  on  soil,  climate,  and  animal 
and  vegetable  life,  and  may,  therefore,  justly  claim  to  bo  re- 
garded as  geograpliical  elements. 

Superficial  draining  is  a  nccesaity  in  all  lands  newly  re- 
claimed frum  tlie  forest.  The  face  of  the  ground  in  the  wo^hIs 
is  never  so  regularly  inclined  as  to  permit  water  to  How  freely 

lately  been«ooitevoted  in  Enerbnd  for  dialnbig  tbOM  manbea.     Tfalx  illndiuip^ii 
U  equal  to  an  ama  of  S40  ootm,  or  ■  mUe  aqauo,  with  nrarl;  tlirw)  foot  of 
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over  it  There  ore,  evon  on  the  hilUides,  sinal)  ridgM  and  d^- 
profisions,  partly  belonging  to  the  original  distributioD  of  the 
w)i!,  and  partlj-  (xrca*ioiied  by  irrejrnlarities  iu  the  ^njwlh  aud 
deposit  of  vegetable  mutter.  These,  in  the  liuBbanUry  of 
nature,  serve  ns  dame  and  reeerroirB  to  collect  a  larger  supply 
of  moisture  than  the  fipoiigy  ofirth  can  at  mux  imbibe.  Ife- 
eidw  thiB,  the  vegetabio  mnnid  is,  evon  nnder  the  most  favor- 
able circnmstance^,  slow  in  parting  with  the  humidity  it  has 
accuiniiljited  under  the  protcetion  of  the  wood*,  and  tho  Infil- 
tratiun  fwrn  neighboring  forests  coiilribiil**  to  kixp  the  soil  of 
BmaU  clearings  too  wet  for  tlio  advantageoiiB  oultLTHtiitTi  of 
aitifiL-iftl  cr«>pB.  For  these  reasons,  snrfnec  draining  mast  bax-e 
t:onimenced  with  agrit-ulture  itaelf,  and  there  is  prolmbly  no 
cultivated  district,  one  may  alnicst  say  no  single  field,  which  is 
not  provided  with  artificinl  orrangements  for  facilitAtiiij;  the 
esca]>e  of  siiiiertit^ial  water,  and  fhiis  rarrying  (iff  moisture  which, 
in  the  natural  condition  of  the  caith,  wonld  have  beeu  ituliibed 
bv  the  i>oil. 

All  these  processea  belong  to  the  incipient  civilization  of  tho 
antc-bisterical  periods,  but  the  conslrnction  of  euhtcrranean 
channt'lB  for  the  removal  of  infillrated  \vater  marka  ages  and 
counirioB  distinguished  by  a  gi-eat  advaneo  in  agnciilturul 
theory  and  practice,  a  great  aci^nmulation  of  {pecuniary  capital, 
and  a  density  of  pnjjulatinn  which  creates  a  ready  demand  and 
a  high  (iridc  for  all  prodiicfsof  rui-al  industry.  Uiidor-drain- 
ing,  1<K>,  wonld  be  most  advantHgeoiis  in  daiuii  ami  cool  climate*, 
whei-e  evajMjralion  is  tlow,  and  uiwm  khIb  where  tho  natnral 
juelination  of  surface  doea  not  promote  a  verj*  rajdd  flow  of  the 
eurface-watera.  All  the  conditions  refjiiii^  to  make  this  mode 
of  niral  improvement,  if  not  absolutoly  neectwary,  at  least 
pi-otitable,  exifit  in  Groat  Britain,  and  it  is,  therefore,  rerv 
natnral  that  the  wealthy  and  intelligent  farmers  of  Ktigtand 
should  have  carried  this  practice  farther,  and  i-eaped  a 
abundant  ptseuniary  return  fi-om  it,  than  tliose  of  auv  o 
country. 

Bendes  superficial  and  suliftoll  drains,  there  is  another  method 
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of  dUixwingof  suiiertiuous  surf  ace- water,  whlcli,  Iiowevor,  con 
mrety  be  practised,  bocanse  tbe  uoco&A&rj  coudtciou^  fur  ire 
CI  II  ploy  men  t  arc  not  of  frequcut  occurrence.  Wheuover  a 
leiim;iuiTS  watcr-buliliitg  sLratniii  resUuna  luose,  gravelly  Led, 
SDftituHtcd  oi  tu  ndiiiil  of  »  freo  ilischargo  uf  wutor  fruiu  or 
through  it  by  means  uf  tbe  uiitci'upping  uf  the  bed  at  a  lower 
level,  or  of  deep-lying  crmdnite  Icadiu^  to  distoitt  poiuta  uf  difi- 
f^iarge,  saperliL-ial  waters  iimy  bo  carried  off  by  o[>oiiiitg  a 
paeeage  fur  them  tlirou^h  the  iiupervioiu  iutAj  tbo  pcriueuble 
stratum.  Thus,  according  to  Bischuf,  m  early  at)  tbe  time  of 
Kiog  R4nd,  in  the  finst  half  of  the  Uftecuth  ijcutiiry,  whoii  sub* 
soil  drainage  was  scarcely  kitotvu,  the  ])laiu  of  Paluni^  near 
HarseiUee,  was  laid  dry  by  bonng,  aiid  Wittwer  informs  uti  timt 
draiuaj^  is  effected  at  Munich  by  cuuducttiig  tlie  superfluous 
water  into  large  excavations,  from  whidi  it  filters  tlirongU  into 
a  lower  f^tratiiui  of  [xibblo  and  gravel  lying  u  little  above  the 
level  of  tliti  river  Isar.*  So  at  WaKhiiigton,  lu  the  wctiteni 
part  of  the  city,  which  llee  high  above  the  rivora  Potoranc  and 
Rock  Creek,  many  houHes  are  provide<l  with  dry  welU  for 
draining  tlieir  ecUare  and  fouudationa.  These  extend  tlirough 
hard,  tenacious  carlli  to  the  depth  of  tliirty  or  forty  feet,  when 
tliey  etriku  a  stmtmn  of  gravel,  t1u^)Ug]i  wluuli  tlie  water  readily 

*  Pi^ftikatife^  Ot^rapUt^  p.  988.  ThI*  inetih<y1  ta  now  frcqooatljr  mh* 
plowed  ia  FnuiM.  DctelU  m  to  Uie  prooewei  wUl  ba  foood  in  Hahoojc, 
Pratkjut  du  Draiaoffe,  pp.  ?S  tt  ^<J^.  DnUuIag  bf  drtvlaf  doWD  atkkM, 
meutiouoj  ia  ft  Dot«  la  Uw  obaptar  oa  Um  Wooda,  nnti,  h  a  xnniiw  of  tba 
tame  nstura. 

In  the  United  State*.  Urg«  tmot«  of  manhr  ground,  wid  oren  nholtow  lake* 
of  oaniddemtila  extent,  havo  been  mffirTientlj  dimlned  not  onljr  for  putunigt 
but  for  oiltivaUon,  witliaat  romti  to  uij  vpeotal  meiiiRtrM  for  ofTvctiiig  thml 
end.  Tbe  ordioarr  proonaHss  of  raral  ImpraremfiDt  In  the  TidnJ^.  moh  •■ 
lalUag  woods  npoa  and  annnd  nch  grouud*,  uid  the  ooaatnwtloii  of  roada, 
tba  dda  dit<ABa  of  which  act  aa  dtaiua,  orcr  or  near  them,  aldod  aow  and  than 
bjr  th*  rcmoviU  of  a  EoUen  tree  or  oth«r  aooidentAl  otwtniottoD  in  th«  beds  of 
null  atreama  which  flow  frnm  them,  often  Boffioe  to  reclaim  mUea  nqwue  of 
Bapiodaotirc  iwamp  and  wat«r.  See  aotci  on  p.  20,  aad  on  cedar  swainiM, 
p.  106,  aiUe. 
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Tbifi  practice  has  been  extensivelr  eraplojed  at  PaHs,  not 
merely  for  carrring  off  ordinary  snrface-water,  bat  for  the  dis- 
charge of  ciffc'iisive  and  deleterious  fluids  tfom  chemical  mnd 
man afiactn ring  c»tahli:4hriieiibt.     A  well  of  thid  sort  reveired, 
in  the  winter  of  1332-*d3,  twenty  thousand  gallons  per  d^ 
of  the  foni  water  from  a  starch  factory,  and  tho  same  prooMS 
vas  lately  u&od  in   other  factories.      The  apprehension  of 
injun'  to  common  and  artesian  wcUs  and  springR  led  to  an 
investigation  on  tliis  subject  by  Girard  and  Parent  DuchateleC, 
in  tho  Utter  year.    The  report  of  these  gentlemen,  published 
in  the  AnnaU$  dM  PonU  et  Chau««€4*  for  1S33,  second  hslf- 
year,  is  full  of  carioos  and  instnictivo  facts  respecting  the 
pneition  and  distribution  of  the  subterranean  waters  midcr  and 
near  Paris;  but  it  must  suffice  to  say  lliot  the  rejfort  came  to 
the  conclusion  that,  in  ironscfjnonce  «»f  tho  absolute  ininiobilitj 
of  these  waters,  and  the  relatively  small  quantity  of  noxions 
flidd  to  be  con^-eyetl  to  them,  there  was  no  danger  of  the 
diffuaiouof  eiich  fluid  if  discharged  iat<.>  them.     This  result  will 
not  surprise  tlio^e  who  know  that,  in  another  work,  Duchatdet 
maintains  analogims  opinions  aA  to  tlie  effect  of  the  discliar^ 
of  the  city  sowers  into  the  Seine  or  the  waters  of  that  river. 
The  quantity  of  matter  delivered  by  them  he   holds  t»   ho 
80  nearly  infinitesimal,  as  compared  with  the  volume  of  water 
of  the  river,  that  it  cannot  possibly  affe<:t  it  to  a  sensiMe  de- 
gree, and  therefore  caimot  render  the  Seine  water  unfit  for 
drinking.* 

MeUoroHogical  Eff'ecU  of  Draining. 

The  draining  of  lakes  diminishes  tlio  wator-enr^e  of  the 
soil,  and  consequently,  in  many  caeos,  tho  evaporation  from  it, 


I 


I 

I 


*  Corta  fonnd,  in  hia  oxperimoata  on  pwoumltaiv,  that  Mm  foi  uwttotiaa, 
which  takes  p1ic«  in  Lhe  wator  of  the  StUao  in  onMeqnettee  of  the  dlacAaiia 
of  tha  droina  into  th«  river,  tleotrojod  a  lar^  proportion  of  tb*  gfys  of  fiA 
in  bb  bri<«dinK  Ijuinii.  Anji1>-K[ii  of  Bcitio  water  b;  BouHinganlt  fai  lOH 
detoctod  a  corindvrablo  tgtuiatitjr  gr  ammonift. 
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Bs  well  OA  tlie  refrigeration  which  attonds  allcvajwratioii.*  On 
tlie  oUier  hand,  if  tlio  toIiiiuo  of  wmter  abfttmcted  is  great,  its 
rcnioval  deprives  its  basin  of  an  equalising  and  moderatiD^  in- 
fluence; for  large  bodies  of  water  take  very  slowly  the  tern- 
pcnituru  of  the  air  in  contact  with  their  enrface,  and  ara 
almo«t  constantly  eitlior  sending  off  heat  into  the  atimi^phcrc 
or  a)i6orbing  heat  from  it.  Besides,  a^  wo  have  soon,  lakes  in 
elevated  positions  discliarge  more  or  low  water  by  infiltration, 
and  coiitnbate  it  by  the  s&me  process  to  other  lake«.  to  springs, 
and  to  rivulets,  at  lower  levels.  Hence  the  druiiiijig  of  lakes, 
on  a  considerable  scale,  must  modify  both  the  huujidity  and 
the  tenipcratare  of  the  atmosphere  of  the  neighlwring  regions, 
and  the  jtcrmanent  supply  of  gruuud-water  for  the  land^  lying 
below  them. 

Mcteorotoyuxd  Action  of  Mq/tAm. 

The  shallow  water  of  marshes,  indeed,  performs  this  latter 
function,  but,  under  ordiuary  circumstances,  marehea  exercise 

,*  The  relatlM  evafwmtin;  action  of  earth  ami  wAt«r  U  a  very  oomplicaMd. 
problem,  and  tii«  ramlU  of  obacrraUoQ  ou  Ui«  ■abjoob  an  ooDdiotiny. 
SohUblffr  found  tliat  at  Ontwrn  the  evat*'"^'>"  fram  baru  loovn  i»rth,  in  the 
jnontbfl  of  Daosmber,  JoiiQarTt  and  Fabruuj.  waa  fruiu  Giro  aivl  a  half  to 
nenrlj  idx  tlmM  aa  great  as  from  a  like  iinrfaoa  of  «rat«r  in  thn  other 
montha.  Th«  enpontioo  from  water  waa  from  about  oooe  and  a  half  to  dx 
timee  aa  groat  ■■  from  earth.  Taking  iha  whole  fear  tngetlier,  the  evapom- 
ttoa  from  the  two  mtfaoe*  was  109|V  liiM  'nnn  earth  and  030i^  Usm  from 
water.  Exiwriraeute  by  Van  der  Steer,  at  the  Hcklnr,  lu  the  yeus  1861  and 
IMS,  ahowvd,  for  tlu  tomer  T«ar,  an  erapontioin  of  608.0  oilliuttTM  froo 
water,  1SIH).0  mPHmAtgea  from  ground  oovered  with  doror  and  other  gnwMa; 
tn  1883,  the  armporatioii  from  water  wu  08iJI  mQUmitna,  from  goae- 
ground,  875.5.— Wii.nia.li.  Dtr  BodeH  uhA  dot  H'ihmt,  p.  S7;  KutcEB, 
X&e  Klimaat  ma  iftderUtad,  it,  p.  111. 

On  tba  other  hand,  the  eraiKiratioB  botn  the  Nile  la  ^01*^  "■<!  Nobia  !b 
itttad  to  be  thnic  time*  aa  grest  aa  that  fron  an  equal  mrfan  of  the  eoU 
whieh  boidnn  it.  — LounARorxt,  Sapffio  /drofe^  md  jVife,  Uitnoo.  \mt, 
and  Apfmidiii.  Tba  nlatiTe  thermomotrioal  ooBdWoaa  at  land  am]  water  in 
the  ■amo  viciaitr  an  oonatantly  mying,  and  the  fajrgriKnatrioal  aute  of  both 
ia  equallj  nnftable.  Cooaequentlj  there  b  no  g«a«nU  formula  to  axproaa  Ibe 
proportionata  eraporatioo  from  fluid  and  eoUd  geogtapliknl  ■uCaoca. 
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in  but  a  vcr^'  small  degree  the  compcu&ating  meteorolofpcal 
octiuu  wbicli  I  have  ascribed  to  large  expansions  of  deeper  n'uter. 
T!ie  direct  rays  of  tlio  sun  mid  the  warmtli  of  the  attnoephere 
penetrate  to  the  soil  beneath,  and  raise  the  temperature  of  the 
VAter  which  covers  it ;  and  there  is  usually  a  much  greater 
evaporation  from  inai-shca  than  from  lake*  in  the  same  rejfion, 
dining  tlie  watiiier  lialf  of  tlio  year.  Thia  ovaporution  implies 
refri^ration,  atid  uonserjuoiitly  tlio  diminution  of  evaporation 
by  the  drainage  of  swanipa  tends  to  prevent  the  lowering 
of  the  atmospheric  temperature,  and  to  lessen  the  frequeney 
and  severity  of  frosts.  Accordingly  it  is  a  fact  of  oxperienue 
tliat,  other  things  being  etjua],  dry  soils,  and  the  air  iu  contact 
with  thorn,  aitj  pei-eeptibly  warmer  during  the  seasoii  of  vugvca- 
tion,  when  evapomtidn  is  most  rapid,  than  moist  lands  and  the 
atimwpherie  stratum  resting  upon  thcra.  Listmmental  oIm^jt- 
vation  on  tliis  special  point  has  not  yet  been  undertaken  on  a 
largo  scale,  but  still  wo  liavo  thoruiometric  data  Buflicient  ti> 
warrant  the  general  coitclusiuu,  and  the  influence  of  drainage 
ill  dliniiiishing  tlio  frequency  of  frost  appears  to  bo  even  bclter 
efitablished  than  a  direct  increase  of  atmospheric  temperature. 
ITic  steep  and  dry  uplands  of  the  Green  Moimtain  range  in 
Kew  Ei^^laud  often  escape  frosts  when  the  Indian-corn  harvest 
on  iiioi-ster  grounds,  five  lunidred  oreveu  a  thousand  feet  lower, 
is  destnjyed  or  greatly  injured  by  them.  The  neif^liborliood  of 
B  marsh  is  sure  to  be  exposed  to  late  spring  and  early  autnmnal 
frosts,  but  they  cease  to  be  feared  after  it  ia  drained,  aiul  thi*  is 
l)ai1iLatlBrly  observable  in  very  eold  climates,  as,  for  example, 
iu  Laplund.* 

In  England,  nuder-draina  are  not  generally  laid  l>elow  the 
reach  of  daily  variations  of  tcniiierature,  or  below  a  point  from 
which  ruoiBture,  if  not  carried  off  by  the  dralas,  might  be 


i 


*  "'The  nniplest  baokwoodnnui  taitrarn  by  exiicriciioe  thai  nil  ealtfvalios  is 
hnpoMible  in  tba  adgfaborliood  of  bogt  nod  marshes.  Why  U  a  orop  nemt  %^ 
faodsra  of  ft  manh  cut  o9  by  frost,  while  a  fi«M  upon  n  hUloek,  m  few  MOMS*! 
tbrowa  trom  it,  ia  B]>aiedT"— Laiu  Levi  L£?capius,  On  ^j fiilfujw  i 
Lt^^pmarkm^  pp.  flB,  74. 
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bruiight  to  the  sarface  by  cApillary  Bttmotioii,  and  evaporntcJ 
by  the  boat  of  the  sun.  Thoy^  therefore,  liko  fiurfaue-dmiiifi, 
withilniw  fi-oin  local  (kiIat  ftctioii  inucli  moiatui-e  which  ■w<mM 
Otherwise  l>e  vaporizetl  by  it,  and,  at  the  sauie  time,  by  drying 
th«  eoU  alxrve  tliein,  thoy  increase  its  effettive  hygroecopicity, 
and  it  consequently  absorbs  from  the  atmoiiphere  a  garter 
qiiantityof  water  than  it  did  wlien,  fur  want  i>f  uinler-dn»i[inge, 
the  sulisoil  wu  always  humid,  if  not  saturated.*  L'udord  rains, 
tlien,  contribute  to  the  dryiiew  aft  well  as  to  the  vrarroth  nf  Uio 
fttino6|>hei-e,  and,  a&  dry  ground  is  more  readily  heated  by  the 
rays  of  the  son  than  wet,  they  tend  also  to  ratec  the  mean,  and 
especially  the  summer,  teraperHture  of  the  eolL 

Eff€ct9  of  Draining  Lak&  of  Haarlenx. 

Ttie  meteorological  influence  of  the  drainin;^  of  lakes  and  of 
bnmid  eoiU  has  not,  so  far  as  I  know,  received  much  attention 
from  exiKiri mental  phyBicidts;  but  we  are  not  altogether  with- 
out direct  proof  in  support  of  theorelicid  and  a  priori  wmclu* 
dona.  Tliermomctrical  observations  have  been  reg^nlarly  inado 
at  ZwHucuburg,  near  the  noi-tliern  extremity  of  the  Lake  uf 
HBarlem,  fur  more  tlian  a  contnry ;  and  since  1845  a  tirnilar 
registry  has  been  kept  at  tlie  Helder,  fort}'  or  fifty  railee  more 
to  the  north.  In  comparing  these  two  sorits  of  observations,  it 
is  found  tliat  towards  the  end  of  ISD'i,  when  llic  draining  of 
the  lake  was  finished,  and  tho  following  summer  had  com- 
pletely dried  tho  newly  exposed  soil — and,  tif  course,  greatly 

*  Muig^Hi  ttkinlu  tbftt  the  dimmntion  of  «v&por*tioo  t>7  ocTJcultanl  drain- 
age oomiqmnds,  in  oertota  ci roomatancea,  to  Ato  |ier  cent,  of  ths  beat  rocHved 
bom  tlie  mn  bf  the  a&m«  »urAic«  la  »  year.  He  dt«s  otwervatioDJi  hy  rukM, 
■inwioi!  a  differeaoe  1q  tcmpr.nitan)  of  3.5°  [oentlfnute T]  in  farar  of  diatocd, 
M  Mtupared  with  oudraiovd.  ifrouud  ia  the  aaoM  Ticfnitf.— /H^frucf/'^a 
^mUqttm  cur  it  Drttta/tfff,  pp.  337,  239. 

Tbt  diiaituitiou  of  eraporatiou  b  bo(  tho  oidjr  mod*  iu  wUch  nodcisdinin- 
icg  kffMte  tbe  tcnipBratiutt.  Tlie  inoreawd  eSeotiva  hjcroacopilcitj  of  the 
•oil  ti^OMKi  iu  ab<torb«nt  action,  and  tho  oondeaHlioo  of  attOMpbeiic  vapor 
Utua  prodnoed  ia  attended  with  tbe  manUMtetJeu  of  beat. 
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dimituBhcd  the  watcr-sorface — a  cLaiige  took  place  in  tbe  n^ 
ti^'e  temi»erature  of  thoeo  two  stations.  TaJdng  the  mean  of 
each  Bucccsftive  period  of  five  ilayp,  from  1845  to  1S52,  both 
inclnsive,  the  temjwrature  of  Zwaneuburg  was  thirty-thive 
haudredths  of  a  degree  centigrade  hwer  than  at  the  Helder. 
FiT>m  thu  end  of  1S53  tliu  ihermoinetcr  at  Zwaneubar;^  has 
stood,  from  tho  Uth  of  April  to  the  ^Otli  of  September,  twen^- 
two  handredtlis  of  &  dej^ree  higher  than  tliat  at  Uelder ;  but 
from  tlic  14tb  of  October  to  the  17th  of  March,  it  bos  mailed 
one-tenth  of  a  degree  Itnoer  than  ita  mean  between  the  eiuiie 
dates  before  1853.* 

Iliere  ia  no  reason  to  donlit  that  these  differences  are  dae  to 
the  draining  of  the  lake.  In  Bumuiur,  s<>!ur  irradiation  has 
acted  mure  powerfully  ou  the  now  exposed  earth  and  of 
counie  on  the  air  In  contact  witli  it ;  and  there  is  no  longor  a 
large  expanse  of  water  Btill  retaining  and  of  course  impart- 
ing Boniething  of  the  winter  temiieratnro ;  in  winter,  the  earth 
ha^  lust  more  heat  by  radiation  than  when  covered  by  \rater, 
and  the  infliieuce  of  the  lake,  aa  a  ret^ervulr  of  warmth  ac- 
cumulated in  summer  and  gradually  given  out  in  winter,  was 
of  course  lost  by  its  drainage.  Doulitlcss  the  qnuntitr  uf 
moiiitiiro  contained  in  the  atmosphere  has  been  modified  by  the 
Bame  cau^c,  but  it  dues  not  appear  that  obserrations  have  been 
made  upon  this  point  Facte  lately  obaerved  by  Glaisher  tend 
to  prove  an  elevation  of  not  far  frtjm  two  degrees  in  tlie  mean 
temperature  of  England  during  tlic  eoni-fta  of  the  last  hiuidred 
years.  For  reasons  wbich  I  have  explained  elMwhere.  the 
early  observations  upon  which  these  concliiBions  arc  founded 
do  not  deserve  entire  confidence;  but  admitting  the  fact  of  the 
alleged  elevation,  its  tnost  pnibiible  exjilanation  would  Ije  found 
in  the  more  thorough  diuining  of  the  soil  by  superficial  and  by 
subterraneau  conduits. 

So  fur  as  respects  the  immediate  improvement  of  uoil  and 
elimafc,  and  the  inrrenscd  abnndamie  of  the  harvesli*,  the  Eng- 
lish syMom  of  fiurfac-o  and  subsoil  dniinage  lias  fully  jastifieil 
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tlie  eiiTogiiims  of  its  ndvocatos;  but  its  exteiiBive  adoption 
appears  to  have  been  attondod  with  eomc  altogether  nnforot^ecn 
and  undesirable  consequences,  very  aiialog<jus  to  those  which 
I  have  de«cril>od  as  resulting  from  the  clearing  of  the  foreals. 
The  nndcr-dmins  carry  off  very  rapidly  the  wHter  imbibed  by 
the  sf)il  from  prccripitation,  and  through  infiltration  from  neigh- 
boring springs  or  other  sourcce  of  supply.  Conseqncntly,  in 
wet  BeftBons,  or  after  heaiy  rain»,  a  river  bordered  by  artifi- 
cially draiued  lands  roeeives  in  a  few  hotini,  from  enperficial 
and  from  subterranean  conduits,  an  acce^iun  of  water  which, 
in  the  natnral  state  of  the  earth,  would  have  reached  it  onlv 
by  small  instalments  after  percolating  tlirough  hidden  paths 
for  weoke  or  even  months,  and  would  have  furnished  peren- 
ntal  and  comparatively  regular  contribntiono,  instead  of  swelling 
deluges,  to  its  cbanncL  Thus,  when  human  inipationce  rashly 
»nb«titntes  swiftly  acting  artificial  contrivances  for  the  slow 
mclhi)ds  by  which  nature  drains  the  anrfaoe  and  Buporficial 
strata  of  a  river-basin,  the  original  equilibrium  is  diKiurlied, 
the  waters  of  the  heavens  are  no  longer  stored  np  in  tlio  earth 
to  bo  gradually  given  out  again,  but  arc  hurried  out  of  man's 
dotDain  with  wasteful  haste ;  and  while  tlic  inundations  of  tlio 
river  are  sudden  and  disastrous,  its  cnrrcnt,  when  the  drains 
have  nm  dry,  is  reduced  to  a  rivnlet,  it  ceascK  to  supply  the 
power  to  drive  the  machinery  for  which  it  was  once  amply 
Bufticient,  and  scarcely  even  waters  the  herds  that  pasture  upon 
ite  margin. 

The  water  of  subterranean  currents  and  reservoirs,  as  well  m 
that  of  springs  and  common  wells,  is  doubtless  principally  fnr- 
nisbed  by  infiltration,  and  hence  its  quantity  must  vary  with 
every  change  of  natural  surface  which  tends  to  accelerate  or 
to  retard  the  drainage  of  the  surface-soil.  The  drainage  of 
marshes,  therefure,  and  all  i<t!ier  methods  uf  drjing  thu  super- 
ficial strata,  whether  by  open  ditches  or  by  uitdergMund  tuliea 
or  drains,  has  the  same  effect  as  clearing  off  the  forest  in  de- 
priving the  subterranean  waters  of  accessions  wliich  they  would 
ctlict-wisc  receive  by  infiltration,  and  in  prvpurtjon  ae  the  sphere 
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of  each  operation  h  extendod,  tlieir  influence  will  make   itself 
felt  iu  the  diminisliod  Bii]»|tly  of  water  in  eprings  and  wells.* 

Qeoffraphieal  and  Meteorological  Ej^&^  of  AgueJuctSj 
Sesffrvain,  and  Canala. 

Hanj  of  the  great  procosacsof  internal  improTcmont,  soch  ■» 
arjucdncts  for  the  supply  of  gi-e&t  (Mtiofi,  railroad  cuts  and  em- 
banknicnTfl,  and  the  like,  divert  wat^rfrom  its  natural  t-hatinela, 
and  affect  its  distribution  and  iiUiniatc  discharge.  The  col- 
lecling  of  the  waters  of  a  coneidorable  district  into  roaervoira, 
to  bu  (lienco  carried  oflF  by  nieane  of  aqueducts,  as,  for  ex- 
ample, in  the  forest  of  Bel{;jrade,  near  Constantinople,  deprives 
the  grounds  originally  watered  by  the  springs  and  rirnlete  of 
tlie  ucccssarj  moisture,  and  reduces  them  to  barrenness. f  Sim- 
ilar effects  mast  have  followed  from  the  oonstniclion  of  the 
nutnurun»  m^iieduct^  which  supplied  ancient  Knnie  with  snch 


*  BaUnet  oandomtui  tHo  gmcrnl  dnuning  of  msnhcs.  "  Dnunlog,*'  wmjt 
he  ''  luu  t>e«a  muKsb  (a  Togvo  tor  M)m«  yoan,  uid  it  baa  bMb  a  speaud  obj«et 
to  dry  imtl  foriilizc  tnonli^'  ^nrantJit.  I  b«]ift%'atliftb  DxcuadTa  iTijiiiiwi  la  Umm 
prodDccd.  and  th&t  otbcc  aoUs  in  tho  noigbborhood  are  steriluod  in  ptxipv- 
tion."— AwAwrt  Ledum,  \y.,  p.  ll«. 

"  Tbe  exteDt  of  aoU  artificially-  dried  hj  tittina^  ia  cooiitaaUj  Jnm  omIhh, 
and  bho  waUjr  raoeiTod  bj*  thu  ittirf non  from  iirecl|>it:ition  Qonra  off  hy  imw  duui- 
nela,  ood  is  in  general  caniod  off  more  rapidly  Ului  beforo.  Uuat  not  thia 
foot  exerclAo  an  influence  on  the  rugiinti  of  •|>nog«  wbofio  bimin  of  aitpply  thiu 
nndeixoM  a  more  or  l«w  complete  tmnaformatiOD  f  " — llEa^UABD  Cotta, 
Pr^M^ta  Pakahbllb,  Qn^lmk^iode^  p.  viL,  viii. 

Tlie  eftsctN  of  agricnlturnl  dralnn^  nrc  percepttble  at  ^aat  depths.  It  hM 
bcon  ohittirvod  iii  ComwalL  thnb  i1l-c]i  mmist  are  more  froo  ftom  water  iit  wait 

drained  dutricU  than  In  t)t09»e  where  draina^  is  not  gananJlf  practised. 

Eflqirraci!!,  !Uv\ui  d^»  Deux  Monde*,  15  Nov.,  1863,  jj.  430. 

8««  aUo  AsiUt'BKRRit,  Torv  og  Tartdrift,  p.  81. 

f  3ee  a  ver^  interesting  paper  on  the  Water-Supply  ttf  Ooiutanttnoflf,  br 
1&.  Homea,  of  tbe  New  Torle  Rtalo  Libraij.  in  the  Alianff  Arffti*  of  Jtuw  0, 
1873.  The  fjvtAm  of  aqiiedacts  fur  Uie  supply  of  water  to  that  city 
menoed  hy  Conatantlnn,  and  tho  great  a()iiciluct,  fruquFnUr  a»cril>«d  to  Joa- 
tinian,  which  ia  840  f«et  loo^  uid  1)2  fi-et  high,  is  beUered  to  haTe 
conBtmctod  daring  the  reign  of  the  former  emperor. 
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a  pryfn«e  Rbtindancc  of  water.*  On  the  other  hanJ,  the  fiUr»- 
tion  of  water  through  tlic  Itatikft  nr  walla  <if  an  aqiiodiirt  car- 
rioJ  upon  a  high  level  across  h'»\v  grournl,  often  injnrea  the 
ailjaoeiit  soil,  and  is  prejudicial  to  the  health  o£  the  neigfabor- 
iti^  pciptilatiun  J  and  it  ha.'*  been  observed  in  Switzerland  and 
clficwhere,  that  fevers  have  been  produced  by  the  Bta^mtion  of 
the  water  in  excavations  from  whieh  earth  had  been  taken  to 
form  erabankmeiits  for  railways. 

If  we  consider  only  the  inflDencc  of  physical  improvementa 
on  civilized  life,  wo  shall  pertiaps  aiKribe  to  navigable  canals  a 
liigher  inipurtanee,  or  at  least  a  more  diversified  intlucuce,  tluui 
t*»  nt^iieducta  or  to  any  otlier  works  of  man  designed  to  control 
tlie  watera  of  the  eartli,  and  to  affoct  their  distribution.  They 
bind  distant  regions  leather  by  social  tics,  through  tho  agency 
(if  the  e<nnnierce  they  promote ;  they  facilitnto  tlie  traufp<irta- 
tion  of  militarj-  stores  and  engines,  and  of  other  heavy  material 
connected  with  tlie  discharge  of  tlio  fnnetions  of  gfjveniment ; 
they  encoiu-age  industry  by  giving  marketable  value  to  niw  ma- 
terial and  to  objects  of  artificial  elaboration  which  wonld  othcr- 
wifie  be  worthless  on  account  of  the  cr«t  of  conveyance;  they 
enpply  from  their  surplus  wateni  means  of  irrigation  and  of 
me<^-hanical  power;  and,  in  many  other  ways,  ihcy  contribute 
uiQch  to  advaneo  the  pn)6pcrily  and  civiliziititin  of  nations.  Nor 
are  thoy  wholly  wiUiout  googm|ihical  iui|»ortKUco.  They  some- 
times drain  lands  by  convening  off  w^atcr  which  wonld  other- 
wise stagnate  on  the  surface,  and,  on  the  otlicr  band,  like  aque- 
ducts, tliey  render  the  neiglilKiring  «:»il  cold  and  moist  by  the 
percolation  of  water  through  their  cmbankmenta ;  f   they  dam 

*  Tho  onhealUiiiuiH  of  tha  Roiiiaa  Oampagiu  b  •aeribed  hy  mmaj  mojianl 
H  wtQ  u  lftt«T  vtiUin  to  Ui*  Mckpe  of  water  from  tlM  aaslMtt  aqio«daoto, 
«Uob  had  f»ll<m  uuL  at  rajxiit  tram  naglect,  ur  buan  brafcBii  dcnra  fay  iinlw 
In  th«  dtfM  of  Bon«. 

f  BiinaiuU,  Kpwddiv  <>(  thv  Tumbo  oanalA,  ofaMiTT«a:  "Bat  innuiilBUaaB 
an  not  the  onljr  d*iiu^  c«UMd  by  tb«  wnt«ra  to  lh«  plains  of  Tiuouiy. 
Baisail,  ka  the  canals  uv,  abovo  tJie  miil,  thq  wntur  peicotattv  Uinnich 
tb«tr  baaki,  peoetratM  «v*ry  obetniotioa,  and,  in  vpit«  of  all  the  cflottn 
of  industry,  atcrUlBM  and  Inn*  to  nwraaMB  Dolda  which  natan  aiul  Ihn 
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Dp,  check,  and  dirert  the  oomee  of  natural  carrente,  and  de- 
liver iht'm  at  jKittita  r^jMieite  to,  or  HM*«iit  fnaky  their  origiaal 
outleu;  thev  often  require  extenave  reterrous  to  feed  tbem^ 
thus  retaining  thion^  the  jemr  accumolatioiis  of  water — 
which  would  othenrae  run  off,  or  ev&ponte  in  the  dry  fiea> 
Eon — and  thereby  enlarging  the  ovaporaUe  surface  of  the 
eountry ;  and  we  have  already  Been  tliat  tluy  interchst^e  the 
flora  and  tlic  fanna  of  prorinoee  wkkly  wparated  by  iiatai«, 
AU  these  modea  of  actioa  certainly  infinence  climate  and  the 
cbaxaetcr  of  terrestrial  sorface,  thon^  oar  means  of  obaerrazka 
ire  not  yet  perfected  cnou^  to  enable  na  to  appreciate  and 
roeaeore  their  effects. 

Antiqwty  of  Irrigation. 

"We  know  little  of  the  history  of  the  extinct  civilizatioat 
which  preceded  the  culture  of  the  classic  ages,  and  no  nadon 
has,  in  modem  t)me«,  epontaueonfily  emerged  from  barbarnia, 
and  created  for  itself  the  arte  of  eocial  life*    The  improve- 

zidui«a  of  tlw  100  ■esmed  to  bsTe  designed  for  the  aioafe  abvadant  bst- 
Testa.  Id  gnmad  UntM  pervnded  with  raoktim;,  or  nudered  ooU^  ■«  ihc 
Tu«catu  «xpreii  It,  by  the  flltntton  of  tb«  canal-water,  the  Ttnea  and  lb* 
nullrerricii,  after  having  for  a  tew  Tcara  yielded  fmit  of  a  Roltiah  taati,  rot 
Biid  pcrlah.  The  wheat  deoeTi  ia  tlie  fcrooBd,  or  dioR  u  «ooo  ar  it  ijinMta 
Winter  oropH  are  given  up,  and  inimni«r  oalttTKtinn  theil  for  a  time  ;  bqk  |be 
InerMklng  bDmidit7,  and  the  nUne  matMr  cominatucatfd  to  tKe  «artli — 
wiiicli  afI«cU  tlio  taste  of  oJI  its  prodada,  evea  to  the  gnyniea,  which  the  ^kt> 
tie  refute  to  totich— <il  East  compel  the  hoabaodman  to  ahendou  hi»  finlda,  and 
IcoTii  uuoalEivatvd  a  mil  tluU  no  longer  repays  hia  labor." — TaUeau  <b  fAoii- 
euUurs  Toseatu,  pp.  II,  IS. 

*  I  ooght  perhaps  to  except  the  Slpxicans  imd  the  Pcmfitina,  wlbwe  arte 
and  initltntioDS  are  sot  7«t  shown  to  l>«  histohcBlI;  ootinMtcd  wich  tfaoae  oi 
an;  more  anoient  poopl-.  The  lamentable  doBtmi;tion  of  no  many  menMiriali 
of  theoo  trihea,  by  the  Ignorance  and  \agotrj  of  the  fto-oalled  Chnsttao  fc>T- 
liariaiui  vrho  cuaqiierad  tbvm,  has  left  na  much  in  the  dark  aa  to  tanas  potaii 
of  thetrolTilltaeicni ;  bntthoy  gfremtoharereadtiedtbatatagewboie  oomlned 
pcogTOH  to  knowlwlgo  and  in  power  oror  nature  is  Booare,  and  a  few  not*  oia- 
tnriea  of  independfrnoe  might  have  bronffht  them  to  originate  for  thMaatlvM 
most  of  tha  giwiL  iavastuDa  which  the  last  four  centoriea  h"Tn  Vfal-rmnJ  i 
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meiits  of  the  savage  races  whose  history  we  can  difttiiictly  trace 
arc  hr)rrowed  aud  imitative,  ainl  our  theories  as  to  the  origin 
aikI  iiatuml  derelopment  of  industrial  art  are  conjootoral.  Of 
C4mrie,  the  relative  antiqni^  of  particular  brajichca  of  haiuan 
l?idnstry  depends  mneli  ii|)on  tlie  natural  ehiiracler  of  soil,  cli- 
iiiutc,  and  gpoutauotms  ve^ta1>lo  aiid  animal  life  !ti  liin'rntnt 
countries;  and  while  the  geographical  infliionce  of  man  wonhl, 
niulor  f^reii  circunurtaniwa, be  cxcrtc<i  inonodirection,  it  WHih), 
under  different  conditions,  act  in  an  op^wtetite  or  a  divt;r<;ing 
line.  I  have  pveu  sonie  reaaona  for  thinking;  tliat  in  the  cli- 
mates to  which  onr  nttpntiim  liaa  I>wn  chiefly  directwl,  iiinn*!* 
fij-et  interference  with  the  natnral  lU'iun^mont  and  dis(H>«ul  of 
the  watcre  was  in  the  way  of  draina^  of  Burfacc.  But  if  we 
arc  to  judfre  from  existing  remains  alone,  wu  uhuuld  probably 
conclude  that  irrigation  is  ctlder  than  drainage ;  for,  in  tho 
regions  roj^arded  by  general  tnwlition  as  the  cradle  of  thehnnmn 
race,  we  find  traces  of  eanala  evidently  coustmcted  for  the 
fvtrmer  puqiosc  at  a  perlo^i  long  precediitg  the  agee  of  whicii 
we  have  any  written  meinoriala.  There  are,  in  ancient  Armeniaf 
extensive  districts  which  were  already  abanduiicd  to  desolation 
at  llie  earliest  hist<irieal  ejM)eh,  but  which,  in  a  yet  remoter  anti- 
quity, had  l>ccn  irrigated  by  a  eomplieatc<l  and  highly  artificial 
syalern  of  canals,  the  lines  of  which  can  still  be  followed;  and 
llicre  arc,  ir.  all  the  highlands  where  the  sonrces  of  the  Euphrateei 
rise,  in  Persia,  in  Egypt,  in  India,  and  in  China,  works  of  this 
w»rt  which  niufit  have  been  in  existence  before  man  liad  begnii 
to  record  his  own  annals. 

Tn  warm  oonntries,  such  as  most  of  those  just  mentioned,  tlio 
effects  I  have  doscril>ed  as  nsnally  resulting  from  llie  clearing  of 
the  forests  would  very  soon  follow.  In  snch  dimatee,  tlie  rains 
are  inclined  to  be  periodical ;  Uiey  arc  also  violent,  and  forthew 
reasons  (he  soil  would  bo  parched  in  summer  and  liable  to  wiish 
in  winter.  In  these  countries,  therefore,  tho  noeeasity  for  irri- 
gation must  soon  Itave  been  Mt^and  its  Introduction  into  ranun* 
tainouR  regions  like  Anncnia  mxist   liave  !>ecn  innnvdiad'Iy 

fulIowTd  hy  a  system  of  terracing,  or  at  least  ftcaqiiiig  the  hill- 
20 


ramcATKMT  nj  palkstdte. 


i 


sides.  Piwttire  and  myfwluw,  indeed,  may  bo  irrigated  even 
when  the  surface  is  both  stoej)  and  irre^'ular,  or  may  be  obeerved 
nhundantly  un  the  Swibs  as  well  as  on  the  Piedmontese  elope  of 
tlioAIps;  but  in  dr}' cliuiatea,  ]>l(Jiij^blaiid  audgardens  on  htllj 
grounds  requiro  terniciug,  both  for  supporting  the  soil  and  for 
administering  water  hy  irrigntiuit,  and  it  should  he  remembered 
tliat  tprracing,  of  itself,  even  without  special  arrangomentu  ftir 
controlling  the  distrihutioii  of  water,  prevents  or  at  leo^t  checks 
the  flow  of  rain-water,  and  gives  it  time  to  siiii  into  the  gronnd 
instead  of  running  off  over  the  surface. 

TIio  summcre  in  Kgvpt,  in  Syria,  and  in  Asia  Minor  and  even       >» 
Kumelta,  arc  almost  miiilc^.s.     In  such  climates,  the  necessity  fl^ 
of  irrigation  is  obvious,  and  the  loss  of  tlie  ancient  naeans  of  ^^ 
fLiriiishing  it  helps  to  explain  the  diuiinit^hed  fertility  of  most  of 
the  countries  in  question.*    The  surface  of  Palestine,  for  exam- 
ple, is  composed,  iu  a  great  measure,  of  nmuded  limostono  hilisi, 
<Mvce,  no  doubt,  covered  with  forestd.    The*c  were  partinlly  re- 
moved before  tlie  Je^mh  (ronqiiesUf    When  the  soil  hcj^an  to 

*  tn  Rgvjit,  eviiiinnition  kihI  absorpttou  by  the  ourlh  >ra  bo  rapid,  that  »U 
itiuiubl  cn>ps  r«quJro  irrigntioii  during  thu  whole  period  of  Cheur  yrowtli.  As 
fast  ax  the  wnt«r  reUrcs  by  the  Hibsidenoo  of  tK«  uiiin«l  inandntJoa,  tli*  wttA 
isflowa  aponUicstUimofaCunooreredK^indinlgftCloabegiasafccause.  ITpoa 
tba  Kilo,  jtm  himr  thu  orviJdii^  of  tha  wstcfwheeta,  «nd  somrtimex  tb«  ido«*- 
ment  of  8t«am-ptimp«,  through  tb«  who)*  ciglit,  wlul«  the  poorer  culiiTKLDia  I 

unooAaiiiglj  pi;  tha  sitnplo  shittlnaf,  or  baclcot-ant1-iiw<>op,  Uborioatljr  nunaf 
tbe  wat«r  from  trough  to  trough  by  lu  rnxny  as  six  oi  •e»en  nt«ge9  wbea  tk« 
rirer  ia  low.  Th«  tuivlcdt  in  of  [Inxiblti  Ivutlior,  with  n  stiff  rim.  and  bt  m>^ 
ti«(l  into  the  trough,  not  by  inTPnin({  It  like  ■  vraodea  bucket,  bal  hy  [iiiUliif 
the  hntul  bcntmtb  a»il  pit.iltlii|{  the  bottom  u]i  Ull  tli«  water  ftU  mtui  oat  ont 
the  brim,  or,  in  other  wonln,  by  tnmtnjt  tlic  vmmI  Iiuide  ont 

The  cjaaatity  of  water  thiui  wiLbdr^vrn  from  UiC  NUo  in  eaonBoas,  Mo«t  ot 
this  ia  «rai>orat«d  diroctly  fmm  the  nirfaoe  or  (be  tnpcr^rtfid  ntrata,  bat  mm* 
luuitttuce  porcolcittis  don-o  tmil  ootes  thruugb  tb«  ba.ak«  into  th«  riTor  agtla, 
whl1«  a  lu]|«r  qnuiUty  daku  till  it  joinii  tho  dow  ovrrant  of  iiifiltntti<n  far 
whioh  lh«  Sil6  water  perradcs  tbe  eurtli  of  thu  Tkllcy  to  tbo  dlstonoe,  at  iDn* 
poisti,  of  not  lom  than  flfty  mile*. 

f  "Foreit*.'^  "  wood*,"  and  "  |px)vei,'*  we  freqaootly  mentioon]  InUttOtd 
Tofltomimt  ai  exiatfnff  at  porticalcir  plac««,  and  they  are  oft^n  refer<«d  to  bj 
way  of  illiutratioa,  aa  fainiliar  objcvta.  "Wood"  i»  twtve  epoken  of  wa 
material  Ln  the  New  Tcstameut,  but  otherwise — at  I«aai  MOOtdia{>  to  Crad«ii^ 
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Biiffer  from  drought,  reaervoira  to  retain  the  waters  of  winter 
were  hewn  in  the  rock  near  the  tops  of  t!ic  hills,  and  tlie  dccli- 
viiicawcrotermccd.  So  lung  as  the  cistenia  were  in  good  order, 
and  tito  terraces  kept  np,  the  fertility  of  Paleatine  was  unsur- 
patwed,  but  wlien  misj^ivemmcnt  and  foreign  and  intestine  war 
•.•cca-sioncd  the  neglect  or  destruction  of  these  works — tracce  of 
wliich  still  meet  the  tra^'cller^a  eye  at  every  step, — when  the 
rc-H^rvoirs  were  broken  and  the  terrace  walls  had  fallen  down, 
there  was  no  longer  water  for  irrigation  in  snmmer,  tlie  rains 
of  winter  soon  washed  away  meet  of  the  thin  layer  of  earth 
n\>tm  the  rocks,  and  Palestine  was  rcdneeil  almost  to  tlie  con- 
dition of  a  desert. 

Tlio  eotirsc  of  events  lias  boen  the  samo  in  Idiinioia.  Tlie 
obfierving  iravoller  disf^iTrs  everywhoro  idKiut  IVtra,  particu- 
larly if  he  enters  the  city  by  the  ronle  of  Wadi  K»heibeh,  very 
extensive  traces  of  ancient  cultivation,  and  upon  the  neighboring 
■  ridgps  are  the  niiiis  of  numerous  cistoms  evidently  constrwctcd 
to  funiish  a  supply  of  water  for  irrigation.*  In  primitive  ages, 
the  precipitalinn  of  winter  in  lliciso  hilly  eonntries  was,  in  great 
part,  retained  for  a  time  in  tlie  superficial  anil,  firet  Iiy  tlie  vege- 
table monld  of  the  foreeta,  and  then  by  the  artiticial  arrange- 
ments I  have  describe*!.  The  water  imbibed  by  the  earth  was 
partly  taken  uji  by  direct  e^iKiralion,  partly  abanrlKid  by  vege- 
tation, and  partly  carried  down  by  infiltration  to  subjacent  strata 

noi  ens  of  tfao  above  words  oooan  io  th&t  toIuiq*^  In  Uks  muuicr,  while  th* 
tMX,  i1m  octUr.  th«  Or,  the  oak,  the  pine,  "  bcMiM,"  ftwl  **  tlmtwr,**  are  v«it 
tnqocnUjr  mentioiMd  io  the  Old  TnotAuicnt,  cot  one  of  tluM  wordi  (a  found 
In  the  Kew.  «n^  the  mme  of  the  "  bcun  in  the  eye,"  to  the  pumblfl  in  Uot- 
tlirw  will  Luke. 

Tbi«  lDt«ie«tinf  faet,  were  other  erjdenoe  wuttlnfr,  woald  go  (ar  to  prore 
that  *  gnm%  vbanife  had  taken  place  in  this  n-cpect  tKtwMo  ttio  periods  when 
the  Old  Teetoroent  and  the  Nev  wore  rcspeotiTcIf  oompoaed ;  for  the  ecrip- 
tund  writeni,  ami  the  ipeakon  introduced  into  thuir  nairatiTca,  are  remark- 
able far  their  frcqueafc  aUnmotu  to  the  natniml  object*  and  the  aooUl  and  in- 
dtutrial  habita  wbuA  chataoteiiaed  their  afea  ud  theli  ooontrr. 

*  Oneof  thfUMioa  Mount  Hor,  two Btoiios (k«i>,  bianiohgood  preaerratiao, 
allbougb  pivbabl;  not  napaired  for  muaj  centuriea,  that  I  found  ten  feet  of 
water  in  U  in  Jnna,  1691. 
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whidi  gave  it  out  In  springs  at  lovror  \e\ttit,,  anil  thus  a  fcrtOiljr 
of  soil  and  a  condition  of  the  atmosphere  were  matiiSau*cd  foffi- 
cicnt  to  admit  of  the  dense  pupuliitiuu  that  once  inhabited  tboee 
now  arid  wastea.  At  pi-esentj  tlie  rain-water  runs  immodiately 
oH  from  the  surface  and  is  cai-ricd  down  to  the  sea,  or  is  dmnk 
up  by  the  sands  of  the  wadiB,  and  the  hillsides  which  oooa 
teemed  with  plenty  arc  bare  of  vegetation,  and  aeared  Lj  cfas 
scorching  winds  of  the  desert. 

In  fact,  eliiimtiu  coiiditiuuH  render  irrigation  a  Deoeastty  in 
all  the  orient&l  countries  which  have  any  iinportanoe  m  ancient 
or  in  modem  history,  and  there  can  be  no  doubt  that  tbb 
diffusion  of  water  over  large  surfaces  has  a  certain  reactioD  on 
climate.  Some  idea  of  the  extent  of  artificially  watered  aoH 
in  India  many  be  formed  f  rrjm  the  fact  tliat  in  fourteen  dlstriats 
of  the  Presidency  of  Madras,  not  loss  than  43,000  reservxnrfi, 
coiifitnicted  by  the  ancient  imtivo  ruler»  fur  the  parpoae  of 
irrigation,  are  now  in  use,  and  that  there  are  in  tboeo  di»tneB 
at  least  10,000  more  which  are  in  ruins  and  usclesa.  Tbeae 
reser\oire  are  generally  formed  by  daininitig  llie  outlets  of 
natural  valleys ;  and  the  dams  average  half  a  mile  in  length, 
thou£;h  fionie  of  them  are  thirty  miles  long  and  form  puuds 
covering  from  37,000  to  50,000  ai-rcs.  The  areas  of  these  reeer* 
voirs  alone  considembly  increafie  tlie  water-surface,  and  each 
one  of  them  irrigates  an  extent  of  cnltivatcd  gn)iiiid  mucli 
larger  than  itself.  Hence  there  is  a  great  augmentatton  o£ 
humid  surface  from  these  constnictiona.* 


*  The  present  soTeraniBiit  at  Indbi  obttliu  tbe  wms  remit  taoni  «»- 
BomkaOj  and  adr&ntapioiuly  bjr  oonetnctiiig  ia  inaaj  pnrrinoeB  of  that  vaik 
eniptro  oiuinJs  of  groat  lent^  nod  capacity,  n-hioh  not  oolj  fanuAh  m  gnntii 
•apply  of  wotci  than  the  old  ie«erTotra,  bub  bo  diotrilmto  it  u  to  tnigate  * 
larger  area  than  oould  be  watered  by  aay  ^tUxa  of  uiiAcial  baaiaa.  Tb* 
exoaratiomi  for  tli«  Oaagw  Canal  were  stadjr  eq,aal  to  those  for  the  8nM 
Casol,  falling  littlfi  short  of  100,000  ooblo  jruds.  withoat  ooaatiiag  tnednmmA 
McaMOqr  lla««  amoimliiig  to  a  l«ii^  of  3,000  milaa  This  oanal,  aooordlii(  I* 
a  feaent  article  in  the  I^iuUm  Timet,  waton  a  uact  uf  land  380  niU«i  lomg  te 
50  lirond.  The  JuHuiaCauoJ,  130  tutlca  latig,  with  609  miloa  of  diatribotiH 
branchea,  watcr-s  a  territoiy  130  mUtut  luiig  with  a  breadth  of  15  aulc*. 

Other  statemcutt  esUmate  the  am-.tint  of  load  aotaalljr  oader  izr^atks  Ib 
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The  cultivable  area  of  Egj'pt,or  the  epace  between  desert  and 
doeert  where  cultivation  would  bo  possible,  is  non-  estimated 
at  ten  thousand  square  Btatnto  miles.*  Much  of  the  surface, 
though  not  out  of  the  rvach  of  irrigation,  lies  too  high  to 
be  coonomically  watered,  and  irrigation  and  cultivation  are 
Iherefoi-o  at  present  confined  to  an  area  of  seven  tliousand 
square  milc«,  nearly  the  whole  of  which  is  regularly  and 
oonntantljr  watered  when  not  covered  b^  the  iniuidationf  except 
in  the  short  intor^-al  between  the  harvest  and  the  rise  of  tJie 
watera.  For  nearly  half  of  the  year,  tlicn,  irrigation  adds  seven 
thousand  square  miles  to  the  humid  snrface  of  the  Nile  valley, 
or,  in  other  wonis,  ni<ire  than  decuples  the  area  from  which 
an  appreciable  quantity  of  moisture  would  otherwise  be  evap- 
orated; for  after  the  Kile  has  retired  within  its  banks,  ita 
watera  by  no  moans  cover  one-tonth  of  tho  space  jnst  men- 
tioned. 

The  Nile  receives  not  a  single  tributary  in  its  conrao  bolow 
Kliartonm ;  there  is  not  so  mndi  as  one  living  spring  In  the 


Britiah  India  st  0.000,000  kcron,  and  %id  that  cannlii  nmr  fai  eonatniDtioB  wOl 
wAler  u  much  mor«.  Th«  ladiiui  irrignUoa  cuuIb  u«  genenUljr  nAvigablo, 
Bomo  of  tbem  bjr  buato  of  bu^  tonnagn,  uiiltba  catwlfl  ntam  %  net  ronmna 
of  from  five  to  tweotj  per  oeut.  onlholTOoat 

*  The  ore*  whfcfa  the  w»ien  of  tho  Mile,  left  to  thcnuelree,  woubl  now 
eom  U  grmAur  thui  It  woaU  hftve  l>e«n  In  Aiu!l«nt  tlniM,  b«eftu«e  tho  h^il  of 
tbe  Tirer  liM  been  elersted,  nud  wiuininentl;  tfaa  latent  iimad  nf  thi^  tniin- 
d«tIoQ  fncTcaaed.  S*«  SHim'a  ViMonarg  of  OiOffmp^y  articl*  "  MgjjiUiM.'* 
But  Om  indoMtry  of  tlut  HgsrptiuM  in  Dm  ilajs  of  tite  Phanio)i>  atMl  tb«  TUilo- 
mlM  flartted  Ihe  ?V[l*-init«r  to  hurye  province*,  which  haro  naw  ba«n  long  aban* 
doned  and  hare  relopeeO  into  tbe  oundJlioa  of  deaerL  "  Aiiolentlj,"  obvcrvaa 
the  writer  of  the  ntiele  »  EffTpt "  In  Smtth'a  DMitiutr)/  nf  U^  mAe,  »  2.7:UJ 
•qnar*  mDcNmore  [about a, 700  winare  ntotuto  ioDm)  mii,r  have  bwn  cultimt- 
«d.  In  the  beat  Avt*  of  ^Tpt,  probably  all  the  land  waa  oultiratcd  that  conld 
be  nude  available  for  agrloultniAl  purpOMs.  and  heiiee  we  majr  ectiraaLe  the 
aiMl4>nt  anhle  area  of  that  ooontry  at  not  Icm  thnn  1 1  ,O0O  aqnan  atatnta 
inllee.  or  fally  double  it*  proeent  extent." 

According  t«  an  article  fn  the  flotUttiim  dHta  FoHetA  Qngrajlea  JlaUana^ 
Tol.  v.,  pt.  la,  p.  219.  tho  citlUvkt4y)  aoil  of  Egypl  tn  1S0B  amoant«d  to 
4,^)0,000  acrea.  and  the  renuUnlug  aoU  capable  of  onlUntlaa  waa  eatlmatail 
at  2.000,000  acxea. 
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whole  land,*  and,  witJi  the  exception  of  a  narrow  atrip 
coa^t,  whei-o  the  nntiuul  pruclpitatiun  tri  said  to  amount  to 
inches,  iJie  fall  of  rain  in  the  temtory  of  the  Pharaohfi  U  ni 
two  inches  in  tho  year.  Tho  subsoil  of  the  wholo  valley  i^ 
pervaded  with  inoistui-e  by  infiltration  from  tho  Nile,  and  watef 
can  everywhere  be  foiuid  at  the  depth  of  a  few  feet.  Were 
irrigatiuu  suspended,  and  Kgypt  abandoned,  as  in  that  case  it 
must  be,  to  the  ojx^ratioits  of  nature,  there  is  ]io  doubt  that 
trees,  tiie  i-oota  of  which  penetrate  deeply,  wonld  in  timi 
catahlit^  thenigetves  on  the  doKertcd  t^il,  till  t]ie  valley  with' 
verdure,  and  perhaps  at  laat  temper  tho  climate,  and  even  call 
down  abundant  rain  fixim  the  heavens,  f  Bnt  the  iiamodiata 
eflFof t  of  diaefmtinning  irrigation  won) d  be,  first,  au  iinineiiw 
rodnction  of  the  evaporation  from  tho  valley  in  tlie  dry  tieaaon, 
and  then  a  greatly  augmented  dryness  and  heat  of  the  atmoft- 
phere.  Even  the  almost  constant  unrth  win<l — the  strength  of 
which  would  be  increaaed  in  consequence  of  these  changes — 
would  little  reduce  the  teinjKirature  of  tho  narrow  clvft  between 
tliehnniing  niountainfl  wliicJi  liorn  in  the  channel  of  the  Nil^ 
eo  that  a  single  rear  would  transform  the  moftt  fertile  of  soiU 
the  most  barren  of  descils,  and  render  nniuhabitablo  i 
ritory  that  inngation  makes  cajmble  of  sustaining  oa  den^ 
populatit'U  as  has  ever  existed  in  any  part  of  the  world.J 
Whether  man  found  the  valley  of  tlie  Nile  a  foreat,  or  anch  a 
waate  aa  1  have  jn&t  described,  we  do  not  hi^toricnlly  know. 
In  either  case,  he  has  not  simpl}'  converted  a  wiMemcfla  iuuia 

■  The  sum»l1](»1  silling  «l  Heliupalu  ia  oulj  a  tbruoj  of  water  infiltnted  CroB 
tli«  Nile  or  Ui«  can»1s. 

I  Tlio  duU:  wkI  Uiu  doum  palm,  ii^tont  ancl  nanf  other  ocaoias,  the  oafoah, 
the  tijrcatDor«  aad  other  troM  K'O'''  ^  I^0?T^  vithout  irriKatloo,  and  wouid 
doubtloM  spmad  tbruujfh  the  onliro  viUlejr  ia  a  few  jeafs. 

%  VlUdnaon  ttaW*  thnt  tlic  tntol  population,  K-hicb,  two  haodrod  ywanmih 
vaa  eitiraatod  at  4.000,000,  aiuounted  till  latal/  U>  oaif  about  1,400,000  aaite, 
baring  \>e*m  wAaceA  tinea  tTie  yw  liiiHi  from  'i,5(H\,0M  to  leas  than  S,0OO^OQlL 
—Jlnndbook  /or  lYatdUr*  in  Kgtfpl,  p.  10.  Tb«  population  at  th«  end  «f  tbe 
fear  ISUO  U  oouiputti^l  at  X^\\{m.—lioUtUitu)  dMt  Soc.  Oeog.  JlaL,  tcL  t  . 
pt.  iii.,  p.  315.  ThlMeaUmate^oabilaas  incladM  ooactrioB  boniUniif  on  tW 
u{)p  f  Nile  not  ambcaovd  la  WilkiuMs's  statutitis. 
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gardoii,  liut  has  imqucAtionablv  produced   extonsivo  climatic 
change.* 

Tht!  licUd  of  Kgypt  are  more  repilarly  watered  Uian  those  of 
Buy  utber  country  bordcriujr  uu  tliu  Mediterranean,  except  tlie 
rice-gromids  in  lt«l_v,  and  pcrhnpa  tlie  marcite  or  winter  mea- 
duwB  i>f  Lomlmnly  ;  Imt  irn'^tiun  is  nutro  or  leiw  mnjiKiyed 
thrnnglinut  aluu^t  the  endre  bai^in  of  that  sea,  and  is  evei^-- 

'  Bitter  mppOM*  ^^pt  to  havv  boon  »  Huidy  desut  wbm  it  wu  fint 
oeeapiMl  t>^  miw.  "  Tbc  Ant  lt)lubU*at  of  the  mndy  Tnllcy  of  the  Nile  woa 
a  dMert'dwcUer,  u  hli  nel^bbon  li^fat  And  l«(t,  Ibo  Ubyui.  tha  nomftda 
Anb,  vUIl  am.  Bat  the  dvtliud  pooplo  of  B^Tpt  (ruMfoniipd.  b;  eomiU, 
tb*  wuU  iato  th«  rich««t  fsaaxrj  of  tb«  wotid ;  Uiojr  Ubotiiteil  ih«iDsolr«a 
fnna  tlio  •hockl'M  uf  dio  rock  niid  vond  doMrt,  in  tba  midst  of  wtiiuh,  lijru 
vIm  dlirtribotioQ  of  tli«  fluid  throaKb  tlie  M>lid  gtognpbicftt  fona,  b;  iiri- 
g«doii  in  aliort,  tbenr  onwl«<I  a  n^n  of  onltore  murt  rich  In  historical  monu- 
nunta."— A'/iMrun{r  ""*  "%i*'n^fl<w  versUMf/t/itn  0<'frtpMt,  pp.  l6o,  llJ6^ 

TbUvI«irB»oin«t<.iinohigbljriinprob«b)e  ;  for  gnmt  rircra.  in  warm  dimatM. 
an  twnr  botduMl  by  Mudjr  plaioa.  A  aioail  tttmni  mny  bi  BirsUdwod  up 
br  nnds,  bat  If  tbo  volnme  uf  water  is  too  bugs  Ut  hb  carried  oA  bf  urnponk- 
liOD  or  drank  up  bf  abwrption,  it  utturotoa  it*  baak*  witb  jooiatujre,  and 
nnleM  rariited  by  an,  ccnveita  them  into  numfacii  corered  with  aqoabo 
T«i;etatioD.  B^  o&nabi  and  entbaiUcmciita,  maa  baa  done  moob  to  modify  tbe 
natural  diautbunon  of  tbe  wuten  of  the  Nile ;  yet  tite  annual  inoDdation  i»  not 
bia  work,  and  ibe  river  uium  huiv  orarllowed  ila  banJca  and  owned  apontanaotta 
TCsetatlnnviUi  ha  waten,  a»  wall  before  aadnos  "E^jpt  wu  Brstoocupied  by 
tbo  buuuui  taioily.  Th«re  is,  iudwed,  Miue  leaaoa  tukU[*i"J«B  tl>at  man  liied 
opoo  tlM  banka  of  the  NUa  when  its  chaonel  waa  mnob  lower,  aod  the  spircad 
uf  ita  iuuiidatiMw  mooh  narrowvr,  tban  at  prewnt ;  )>ut  wbervvvr  lu  Hood 
rHkched,  there  tha  foreet  would  propagate  it«olf,  and  ita  nbonw  would  o*-t1>aial7 
bava  boon  raoEUMN  tatbor  thau  MUda. 

Tb«  ofilniaoa  of  Hitter  on  this  aa'.)}0ot  axe  not  oolf  improbable,  bai  xlmj  are 
eontndiotocy  totbeULUehiwtorical  tcctiaKniy  wa  poaaw.  UetodotuM  iiifunut 
Bf  ia  BvltfTw  that  except  tbe  jirorlnee  of  Thebea,  all  Egypt,  that  la  to  lay,  tb« 
wbola  of  Iho  Delta  and  of  middle  Kg>'pt  cxtoodlng  to  HcanopoUa  M^ta  in  N. 
h,  37*  4A .  waa  ori^nally  a  mnrAvt.  Thin  mnrikM  wa«  ilonbtlaM  in  ^mat  part 
oorond  wiUi  treea,  aad  heuoa,  ia  the  m<Mt  ancient  bieroglypbicai  rmxifda,  a 
tree  i«  the  idgn  for  the  rtiltivat<^l  land  hetwaea  tba  dewrt  and  thn  Abannelof 
tbe  Nile.  In  all  probakilily.  tfao  real  chaa^  offooUtd  by  bauian  art  in  tbe 
•nparflcial  8«<igTttpby  of  Sgypi.  latbeoonTeiaioa  vt  puob  and  niai^hM  inlodtj 
laud,  by  a  wjntiBm  of  tnumeiae  dikea.  whioh  oouiiieiicd  tbe  Qood-wafair  to 
depcwit  it*  ■wdluent  on  the  banka  of  the  river  lnat«jid  of  liarrying  it  to  the  a«& 
The  eoitnaU  of  nodera  Italy  wen  tbui  aaUdpabed  in  ancifloC  Bgypt. 
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where  ftttonded  with  effects  which,  if  leas  in  degree,  are  anal- 

oyous  in  cliaracter,  to  those  resulting  from  it  iu  Egypt. 

There  are  few  thingt)  in  European  hnsbaudiy  wliich  surprise 
Eiiglitih  or  Atrierit;aii  obscrverB  so  mueh  as  the  extent  to  which 
irrigation  igemplojred  in  agriculture,  and  that,  too,  on  eoils^and 
with  a  temperature,  where  theirown  experience  wonid  tiave  led 
them  to  suppose  it  wonld  lie  injuriona  to  t-egetation  rather  than 
beneficial  to  it.  In  Switzerland,  for  example,  grase-grounda  oo 
the  very  bordere  of  glacierw  are  freely  irrigated,  and  on  ibe 
Italian  slope  uf  the  Alps  Huter  in  applied  to  meadows  at  heights 
exceeding  6,000  feet.  The  summers  in  Northern  Iralv,  thnugh 
longer,  are  very  often  not  warmer  than  in  the  Northern  l.'nited 
States ;  and  in  oi-dinary  years,  the  summer  rains  are  as  frequent 
and  as  abundant  In  the  former  country  as  in  the  latter.*     Yet 

*  The  mean  annnul  iiredpitation  in  Lombnnly  ui  t-hirt^-idi  Inohea,  of  whioll 
iif^ftTlr  two-thinb  fall  durlnir  ttie  noMon  of  lrri|fBtioii.  The  rain-fall  a  abont 
tho  Bams  id  Piedmfmt,  thonKh  the  uoinber  of  dajv  in  tho  j'ear  rlimnrt  m 
"  niny  "  la  wd  to  be  bat  tvenCy-foiir  in  the  former  proviaoe  vhile  It  ia 
Mvcnt;  in  the  latter.— Bairh  Hutrri,  lUtUan  Irrifyititm,  vol.  i.,  p.  100. 

The  neocMttjr  of  {rrigatioD  in  tbe  great  aUnriaJ  plain  of  NoTtbera  Italy  b 
partly  ex|)lnined  by  the  fact  tbat  tho  Kniwrfiolal  fltntum  of  fiDO  earth  and 
Tesatal^le  mould  In  Teiy  extenaJTely  anderlaid  by  beds  of  p«bble«  ami  ktbtoI 
brought  down  by  mountain  torrenta  at  a  remote  epodL  Tbe  v«t«r  of  tbe 
mrfMe-HoU  drains  rapidly  down  into  these  loose  bedl,  ud  ptMSi  off  by  aob- 
torranean  cbauuels  toaoine  uiikiiowii  pohitnf  dlschai^;  bat  thin  drctmutaiMM 
nloDc  is  sot  a  stiffieient  lolntion.  Is  it  not  pomiblo  that  Che  habita  of  nc»> 
tabled,  ^Towu  in  oountrieN  when!  irrt^tinn  haa  been  imnn'moriiUly  (>mpl09^, 
hare  b(>ea  K  cluuiired  that  th«y  reqalre  vnter  onder  Ot'OdiUoDJ  of  aoQ  and 
dimate  wbete  their  oonyeaoni.  which  bare  not  beeu  tliOB  indalgenfcly  fa«at«cl, 
do  not?  Itiaaceimarkable  fact  that  during  the  aeoaoo  of  (rrigatloD.  whin  laryt 
tiaota  of  oarface  ar«  almoKt  conntAiitly  Nilurnt^il  witli  water,  therv  la  an 
extraordiaary  drynpu  in  th^-  atmoAphero  of  Loiulionly,  tbe  hyifmn^teT  stand- 
mg  for  dayn  together  a  feir  (legrees  only  abofe  lerti,  while  ic  winter  the  ta- 
atrnmentiodioatea  extreme  humidity  of  the  air,  approacttntf  to  totitl  aatar- 
ation.— Daird  Biirm,  Itaiuin  IrrignOon,  i,  p.  189. 

There  are  some  atmospheric  phenomena  in  Northeni  Italy,  whiell  aa 
AinpricHn  finds  it  hard  to  reconcile  with  whnthe  baa  obo'-rved  inih«  UuHed 
Htncea  To  an  American  eye,  for  inntntice.  tho  eky  of  l*JL-dmunt,  Lombaf^, 
and  the  northern  coast  of  tbe  MoiUterntnwui.  \x  always  whttiab  and  oardk4, 
and  it  nerer  baa  tbe  intensity  and  iDthomlcja  depth  of  the  bloa  of  hia  nativa 
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Ju  Piedmont  ami  Lombardy  iiTigation  in  bestowed  npidi  almost 
every  crop,  while  in  onr  Nortlicni  States  ic  in  never  employed 
at  all  in  rarmiuK^^sbmidry,  or  indeed  for  any  purpoec  except  in 
kilclicn-^rdenti,a»d  [xiSBittly.iii  raro  cases,  in  some  othcrsmaU 
liraiu'li  of  ftgricultunil  industr)-.* 

In  general,  it  may  be  said  that  irrigation  ie  employed  only  in 
tlio  seasons  when  tie  evaporating  power  ol  the  ann  and  the 
capacit}'  of  the  air  fur  alpsorbing  Immidity  arc  gi-outeet,  or,  in 
otlier  words,  that  the  soil  itf  nowhere  artificially  watered  except 
wlien  it  i8M)  dry  tluit  little  moistnre  wonld  bo  eva{«jrated  from 
it,  and,  conMtquently, every  acre  of  irrigated  gronnd  la  so  umch 
addt^l  to  the  cvaporable  surface  of  tiic  country.  Wlien  the  sup- 
ply of  water  is  unlimited,  it  is  allowed,  after  sen  ing  Its  purpose 


bMTiDi.  And  yet  the  beat  of  tlltt  ain*i  t»j%,  u  tatutmA  by  sountion,  «od, 
■t  the  vtBA  time,  tho  enpontiaa,  ue  ^ckUr  th>n  th«7  weald  be  with  the 
UMrni(Mnel«r  ftlUie  tnune  point  ia  AmcriaA.  I  h*ve  tMqueDtJ;  tt-M  Id  IIaI^, 
vfth  the  inerciiiT  b«Iow  80°  F«hr<:uh<'it,  uid  with  »  mottled  and  Almost  oi>aqae 
iky,  ft  heat  of  Kiler  imdiatlou  wbioli  J  <:iu)  Dompue  to  nothing  tat  the  MOrcb- 
fof  Mi&MtloD  vxporienc«)f)  tn  ArarrfCA  ftt  a  temperetara  twmly  deicreei  higher, 
dnting  the  intamii  bstwecD  ■howoe,  eTt>eton  a  taia,  when  the  oloor  bloe  of 
the  ikj  Be«m«  iafliiita  bi  depth  aad  tme«|ier«tt07.  Rii«b  dKamstuiorA  mA> 
ovate  a  DnwHOty  for  irnifatiou  when  it  would  olherwiM  be  auporttuoiu,  if 
aot  abMlntelj  injnrioiM. 

In  qiealdng  of  the  mpeiior  afFinmat  cleunca  of  the  itjf  in  Aravdaa.  I 
oooBaa  mywlt  to  the  oonoave  Tsnli  of  the  heawna,  and  do  not  moan  to 
•OMii  thftt  t«rreetjial  object*  aiegeoeraHj  vjaitrie  at  greator  distonoee  in  the 
raited  Slotee  than  in  Itxty.  Indeed,  I  am  rotlier  diwiKMr-il  to  nmintnin  the 
oontnt;;  for  thou^fb  I  know  that  the  lower  stnu  of  thealmr>«^t:n!  in  Europe 
sever  equal  in  trawquirfmcj  the  air  near  the  earth  In  Now  Ifniioo.  Pcm,  and 
Chill,  yet  I  think  the  ocaiilentaof  tbe  eDBSk-lineof  the  1UT{era,a«,  (or  sxampto, 
between  Kion  and  La  Spada.  and  thoee  of  Um  incomparahle  Alpinn  pnnonna 
■aCK  tton  Turin,  ore  dialiaguiahable  at  gzceter  diatonn*  than  they  would  be 
in  tbe  United  Statea 

*  In  our  oompaiBUTely  rainien  Western  teciitoi?.  tirlgatlon  is  extenatvely  end 
verj  IxneticlallT'  emplojrcd.  In  tbo  Salt  L«ke  vallef  and  in  Cellfoniia,  hutdnda 
itnottbooaandaormileeof  iin((atlonauuUahavebe«ooanatncted,aBd  Iheie 
la  little  dcnbt  that  artiflaiaU?  watering  the  aoQ  wHI  ooon  1m  largolj-  neerted 
to  in  the  older  SUte*.  See  valuable obaarrattone  oq  thlaeobiectln  Hirma, 
Prtiiniitarg  HapoH  an  Geeiaffiad  Army  ^  Wjfonimg^  1870,  pp.  IH  l^N  ^^ 
Ml. 
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ou  one  field,  to  nm  into  druiiis,  canals,  or  Aven.  But  in  xouA 
regions  where  irrigation  is  regulHrl^*^  (-mplujed,  it  ia  t\eceee»n 
to  economize  tlje  water  ;  after  [laesing  overor  tUroiigh  oue  p*r- 
cet  of  gmnnd,  it  is  conducted  to  anotlier ;  uo  mo]-e  ie  n&nallT 
wilhdiawn  from  tlie  canals  at  anyone  [joint  than  is  ab6ort>e<l  by 
tlic  soil  it  irrij^ates,  or  evaporated  from  it, and,  consc'<|iicntly,  it 
is  not  rcsl-ored  to  liquid  ciruulfttion,  except  hy  in&ltratiuti  or 
precipitation.  Wo  aro  safe,  tben,  in  saying  that  tlie  humidity 
evaporated  f]*om  any  artificially  watered  soil  ia  increased  by  a 
quaiility  bearing  a  large  pi-cportion  to  the  whole  ajuouut  dift- 
tribiitetl  over  it,  for  most  oveu  of  that  which  ia  alisorlied  by  the 
earth  is  imitK'diately  given  out  again  cither  l»y  vcgolablcsor  by 
evaporation  ;  and  tJio  liygrometrical  and  thernionietrii'al  cou* 
diiiou  of  the  atmoEphcrc  in  irrigated  couiitncs  is  intxiifiod  pro* 
jiortiunally  to  the  evtcntof  tlio  [iraotiee. 

It  is  not  oa«y  to  iieiicrtain  pretrlscly  oitlier  the  extent  of  eur- 
faco  thns  watered,  or  the  aiaunnt  of  water  snpplicd,  in  anv 
given  country,  because  theae  quantities  vai-y  with  the  chanieter 
of  the  season ;  but  there  arc  uot  many  distriuts  iu  Sontbcrn  Eu- 
ix>pc  wherQ  the  tnanagenmnt  of  tlie  arrangements  for  irrigHlitw 
is  not  one  (>f  the  most  important  tranches  of  agricnlturul  lnb<tr. 
The  eminent  engineer  Lombardiui  describes  the  Bystem  of  irri* 
gation  iu  Loiubardy  as,  "evciy  day  iu  auramer,  diffusing  over 
550,000  hectares  [1,376,000  acree]  of  land  45,0<.K>,CM)O  cable 
metres  [nearly  00,000,000  cubic  yards]  of  ^vatc^,  which  is  oniial 
lo  the  entire  volume  of  tlie  Seine,  at  an  ordinary  flood,  or  a  riw 
of  three  metres  above  the  liydi*ouieter  at  tlie  briilgo  of  La  T»>ur- 
nelle  at  Paris."  *  Kiel  stateB  tJie  quantity  of  land  irrij^ted  in 
the  former  kingdom  of  Sardinia,  including  Savoy,  in  IS&O  ■{ 
2-10,000  hectai-esjor  not  much  less  than  000,000  Hcrcs.  This  is 
about  four-thirteenths  of  the  cultivable  soil  of  iho  kingdom- 
According  to  the  same  author,  the  irrigated  laada  hi  Franco  did 
not  exceed  100,000  hectares,  or  247,000  acres,  while  tho«o  iti 
Lotidiurdy  anionntcd  t(]  45u,<jO0  hectares,  more  than   1,1000(10 

*  Mtmori«  »ui  pmgisai  p9r  Veaiti^not**  deff  IrHsfationt^  ete.,  ft  Priftftfntm,  tm 

JauDU7,  1803,  i>.  8. 
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acres. '  In  these  three  states  alone,  theii,  thc'rc  were  more  than 
three  tliuusaud  square  luilos  of  urtiGciulI^  wuterwl  laiitl,  und  if 
wt!  add  tlio  irrigated  soiU  of  Uie  rc6t  of  Italy,  f  uf  the  Moditer- 
raiican  islands,  of  the  Spanish  peninsula,  of  Turkejr  in  Europe 
and  in  A&ia  Minor,  of  Syria,  of  £g:.Ypt  and  the  remainder  of 
Kurtliern  Africa,  we  slmll  see  that  irrigatiuu  increases  the 
evajKiraljlo  surface  of  the  l^fcditcrraucan  basin  by  a  quantify 
bearing  no  iiu'-ousidoniblQ  prupurtiuu  to  tlte  area  uaturully 
covered  by  water  witliiu  it 

Arrangements  are  concluded,  and  new  plans  proposed,  for 
an  immense  increase  uf  the  lands  fertiHzod  by  irri<>utiun  la 
France  and  tii  Belgium,  as  well  as  in  Spain  and  Italy,  and 
tltere  la  overj-  reason  to  believe  that  the  artificially  wati-rcd  soil 
of  tlio  latter  ctmntry  will  t»o  doubled,  that  of  France  qiuidru- 
pled,  before  the  end  of  this  century.  TTiero  can  be  no  doubt 
that  by  these  o]>erations  man  is  exercising  a  [K>werfnl  infliienco 
un  the  soil,  ou  vegetable  and  animal  Life,  and  on  clinnite,  aud 
heuee  that  in  this,  as  in  many  other  fields  u£  industry,  he  is 
truly  a  geographical  agoncy4 

•  Noel,  VA^rieftUun  dra  £lu»  S^r^ei,  p.  332.  Thk  mtinutie,  ifc  wlU  be 
obMnratl,  U  270,000  octm  Ism  thra  tfa»t  of  IfODtaidinL 

f  In  1865  tbo  total  qiuiiUlgr  of  inigstod  Undi  in  Uw  klngiSom  of  lulj  wu 
c«timat«d  aX  \,'-i!>7.G"  b6cUr«»,  or  9,000,000 ftcna,  of  trbicb  onv-half  uisupiiU«d 
with  wmtET  bjr  u-uildAl  ouiaU.  Ttwi  Canal  Ckvonr  tMa  2SO,O0U  bcim  U>  Ui» 
•bora  KcaoauC.  Tb«  «xt«ait  of  utifioUUf  waMnad  grouatl  iu  luU;  ht  coaam- 
qaentlj  equal  to  the  entire  ana  of  the  States  of  Delaware  oud  Bhoda  lalaiid. 

8«e  the  official  tepoct,  Sutti  Bnaifieatiimi,  JUtaif,  td  Jrrigiuimi,  \90ll, 
11.300. 

i  It  beloD^  latlier  to  agricnltore  tliao  to  geography  to  diwniBi  tbo  qtiallV 
of  the  era|«  obtained  by  Irri^tlon,  or  tba  |MTniu»nt  elTeots  imxluced  by  it 
oo  the  pcodootiTeaeM  of  the  aoU.  Ther«  i»  uo  doubt,  howeTer,  that  all  cn)tx) 
which  can  be  laJaed  withont  watering  aro  Bnjicrior  In  Itavor  and  la  oatritivo 
powta  to  tboM  grown  fa;  the  aid  of  irhgntiou.  Oardcn  ves«A«blea,  puition- 
Isdr,  proftueljr  watered,  ate  ao  inaipid  aa  to  be  haidljr  eatabla  Whf.-n;vot  Irrl- 
gatioa  ii  pnctiaed,  there  ia  an  ahnoat  imaiatible  tendeooy,  eqMxiiallr  ftinonf 
ipunant  cmltiTBtan,  to  oany  it  to  exoBee;  and  in  Piodmoot  and  Lumbonly.  if 
the  vupi>l7  of  water  i*  abandant,  it  is  ao  UberaUj  apptiad  u  •omrtioiiM  not 
only  to  injure  the  quality  of  the  prodnot,  but  to  drown  tho  plants  aud  dimln- 

kh  Uw  acUul  vfiigfat  at  tba  oco|iw   ftnurlanfli  wn  p«lki|a  an  exot{itioii  to 
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As  near  as  can  be  ascertained,  the  amount  of  water  applied 
to  irrigated  lands  j»  Rcarccljr  anywhere  leas  than  the  total  pre- 
cipitation (litring  the  season  of  vegetable  growth,  and  in  gen- 

tbis  maarlc,  ns  it  wema  almost  tixipoaidbli;  to  n-pjil^  too  much  witt«r  to  tbem, 
prnvidui)  it  bo  kept  is  inotton  luid  not  nllitwrd  to  i(t«t^iat«  on  the  stufaoe. 

Prcif^asor  Liebiff.  in  hLi  Mrjdrm  AgrieiiUurt,  w>yii :  "  71ier«  fs  not  to  b* 
funnd  ill  uhcmulrjr  a  more  woudertul  pbuuoineDOa,  oue  wUob  mora  coo- 
fooiubi  all  hnmAn  wiMtnm,  tban  {m  pr^wtnted  by  tbe  noil  of  \  gArd*n  or  field. 
By  the  rintplL-aL  «xptiruut-Ql,  atiy  otut  may  stttlsj|y  tuunscU  that  rain-wmtec 
fllt«a'e'l  throvtjth  flrUI  or  fr^iridt^n  *otl  AaeM  not  dinnlTs  ont  k  tracB  of  potaah, 
sUfciu  acid,  aiumuma,  or  ]iho«pliur[c  ucid.  Tbe  tni\i  docs*  not  rIto  up  to  tlM.^ 
wnter  aac  patticlo  of  the  iaoA  of  pbuita  which  It  conlalnji.  l%c  moat 
tUiaouH  miitu  uvuiul  lomurv  fraiu  the  lluld,  uxuttpt  mochoaioally,  onj  of 
tiHMntlal  »iiiuiLitii<mt«  of  iUi  fertility." 

"  The  ftoQ  uot  only  letaicw  firmly  all  Ihc  food  of  plMits  which  a  aotoaUy  fn 
It,  bat  itA  power  to  prcMire  all  that  maybe  oitefol  to  them  extendi  Oradl  for- 
thtx.  If  rain  or  ollivr  wator  bolding  iu  oolntion  tmmoiua,  potaab,  aad  pho*- 
phorio  ami  nUtcic  aoiiln,  be  bron^ht  fn  ooDtnrt  vHth  soli.  thoM  aobrtanoAa  dia- 
appeiir  aluimit  iiiiiiii(.<iiiatvly  fruin  the  Hulutiou  ;  tho  isui!  witlidrnwi)  thom 
tbe  wiiU-r.  Only  Hnnh  mlt&tamxn  an  aninplnt«ly  wi^drawn  by  tbc  soil  aa 
indispenaable  attiulea  of  food  for  platita ;  all  otbeta  remain  wholly  or  in  part 
ia  oolntion." 

mieM  opinions  went  (xmBmind.  loon  aft«r  their  promnlgatiaD,  by  tbe  eKjMTi- 
mental  reaearchiMi  of  otiicr  RhMnif<t«,  but  ar«  now  qacotioned,  and  they  art)  ogt, 
■liicUy  in  ooniitltuiuc  with  th«  alleged  cxpcriunco  of  a^iniltaristA  In 
part«  of   Italy  wbi-ro  frrigfttion  Iji  most  naoceixifiilly  appliod.     They  bdi 
that  tbe  conifUtutatB  of  regetable  growth  are  wiwhod  out  of  the  acdl  t^ 
HiTO  and  long-fiontianed  wnt^rrfng.     Th<>y  (miiaid^r  It  aim  eatabliiihed  a«  a 
cf  obffOtT&Uou.  that  wat«r  whiob  has  Sowed  thrungb  or  over  rich  gmund 
more  rnluable  for  irHgntiort  than  vrtAtr  frotii  tlio  mmu  konrm,  wtdob  baa 
Wen  impngnatvd  with  ftrrtilizin^  umbmtaiicia  by  passing  throo^h  sotla  ooDtatii<^ 
Iiig  them  ;  and,  on  the  other  hand,  that  water,  rich  in  the  eleinenia  of 
tntion,  partji  witli  them  in  ecrviutj;  to  irrignto  a  poor  eoU,  and  is  therefore 
valuable  lUi  a  fertili^ter  of  lower  {p^jmids  to  which  it  may  aft«rvrard  be  eon-] 
Quoted.     See  BAmn  Sun'n,  IttiUan  Jrri^Ofn,  i.,  p.  25  ;  ftcoTT  Monckikft; 
Jrn's/ation  in  Smtttmrn  Ktirop8,p^  M,  8T,  )^D ;  LoMRARDini,  ^'trfltf/noiHlaafMi^ 
etc ,  p.  73 ;  Makuoh.  Lm  Irrigatton*.  p.  49. 

nie  praoUce  of  Irrignlion — except  In  innuntalnona  Rnnnti4c«  whfre  8{ 
■nd  rimlet*  ore  nomeroiu— Iji  attended  with  very  wrioas  economical,  oooia^*] 
■nil  polilirjil  erllx.  Tbe  couNtntction  of  oanala  and  tholr  (mmenaely  mit 
brancbea,  and  the  gnding  and  KarplDg  of  the  groand  to  be  wmicml, 
nlwaya  espouilvA  qionitlona,  oad  bfaoy  very  often  reqiiira  an  amount  of  i 
which  caa  be  oommanded  only  by  the  atate.  by  inon^yml  corporation,  or  by 
Tety  wooltby  proprtefeon ;  tile  oipaoi^  of  the  oaiuUa  iniut  be  ookntlatml  wilk 
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eral  it  much  exceeds  thst  quantity.  In  graafr-gronndft  and  in 
field-cnltnre  it  ranges  from  27  or  28  to  60  mchos,  while  in 
siimller  crupg,  tilled  l>j  hand-lahor,  it  is  eoiiictiiuu«  cArrieJ  aa 
hi^h  aa  3fM)  inchea.*    Tlio  rice-gi-oinids  and  llie  wareUe  of 

MfenoM  to  tfao  an*  tiit«nd«d  to  be  ini^'mlied,  and  wbeu  Uiey  umI  thnr 
bnnebas  aro  onas  omsbmcted,  it  !■  ver^  illfllaalt  bo  extend  Ihen,  or  to  ws 
conniodRbe  *4y  of  thdr  oruriual  iu-Tiu>Keia«nU  to  changM  In  tb«  oundfUon  of 
ikta  ul,  oi  in  lh«  modon  or  objeota  of  ooltivalioa ;  tlw  Sow  o(  tlia  w»t«r  being 
Hmitad  bj  tbe  abonclAoce  of  the  MOuro«  or  the  ospAoHr  of  the  owuk,  tha  indi- 
ridoal  proprietor  ouwot  b«  allowed  to  withdraw  wator  at  will,  aooonllog  to 
hi*  owu  priTate  iut«r4>at  nr  txiDTciiieuon,  but  tioUi  tba  tima  and  tlw  qnuitity  oi 
BuppLj  tniut  b«  rtguUtod  by  a  g«a«ta]  ay »t«iii  appUcoblo,  as  fax  a>  ma;  be, 
to  tbo  whole  ar«A  irrigated  hj  the  mne  canal,  and  eveiy  coltiTiOor  niniit  con- 
form hli  ioiItuitT  to  a  plan  irhioli  maj  b*  qoHo  at  Tanaaov  with  hia  ^Moial 
Objeoti  or  with  hia  vIawh  of  good  huabandrr.  Th«  ehnfaing^  intcroBta  and  the 
j«nk>(ui«a  of  proprietor*  d«p«adljig  on  the  mubo  meaiu  of  Buppljr  are  a  aonroa 
of  Inofiiant  cooUntkin  and  litlgaUou,  uul  the  oaprioaa  or  partiiUitic*  of  the 
offloaa  who  oootrol,  or  of  oontnctora  who  fans,  th*  ouuJb,  hnd  not  onfre- 
qDtotljr  to  mlnouB  Injortloa  towanls  IndivtdiuU  landboldora.  Tbeee  oinmm- 
ataasM  dlaooian««  the  diriiion  of  tb«  toil  into  anall  pro|>«r(J«a,  and  then  ia  a 
oooatant  t«Dd«nay  to  tlia  aomnulallon  of  Inqpi  eatatea  of  itrigatod  land  in 
111*  l»Dd«  of  gMtt  o^iltnUiti,  nod  oooMqatDtl^r  to  the  diapoaaawion  of  the 
■mall  onltiTalorM,  who  paM  ftom  the  oondlttoo  of  ownen  oC  the  lend  to  that 
of  bir«UiiK  tillen.  Th«  lumtta  are  no  loogex  jrwnnMi,  bnt  peunnta.  tlarin); 
m  iatoNat  in  the  aoU  whiob  oompoim  th«i>  oonntry,  Uiey  an  Ttrtaall;  azp*- 
tdated,  and  tba  middle  oUm,  whioh  oii(^  b>  4onMtilut«  the  real  phjraifial  and 
Dkotal  itrciiKth  of  tbo  land,  oeawwi  to  fodjit  aa  n  raral  oatate,  nod  ia  foond  only 
ainonK  the  profeHnional,  the  aierc«ntil«,  and  tho  indnatrja)  population  of  tha 
eMia. — See,  on  the  dilBonltjr  of  regtilattnf  irrigatiun  bj  law,  Nsoiu,  lit^*ii  uun 
Ltjf«  in  twUtriA  di  Aequo,  lbC4 ;  and  Aokahd,  Jrrigatiotu  du  Midi  d«  rAV> 
rape,  wbero  carioua  and  inpartnnt  rcnuuka  on  the  laws  and  nangni  nf  tho  apan- 
iah  Moon  and  the  Spaoiacda,  in  respect  to  irnnfaUnn,  wiU  b«  found.  Tho  Moon 
wen  no  oanfol  hi  nMinbUninK  Lbu  dptnilii  of  their  (^stnta,  that  they  kepi  in 
pablio  oSltiea  brouse  modela  of  thoir  diuna  and  aluioes,  n«  irniilea  for  repoil* 
ud  reboDdiuir.  Some  of  Cheae  modela  ara  atUl  prMerred. —  Ibidnn,  pp.  '201, 
206.  For  an  account  of  recent  Irricntion  works  in  Spain,  ae*  SroN,  JHtiianarp 
ef  Sagintrrias,  arlide  [rrigativn. 

*  KtRt.,  Affrieulturf  (te  f^Uit*  Sardm,  p.  887,  LorabArdtnTe  oompatntlon 
Just  KivDO  allowa  eighty -ooe  oafalo  tnitrea  per  d«j  lo  tbe  bectan  [two  bun* 
drad  and  dxtr  coblo  yarda  to  the  arret,  wbioh.  auppcalng  the  ■eaaon  nf  irrifn* 
tioa  to  be  om  husdrvd  days,  la  «|U(il  to  a  precipitation  of  Ihlity-twu  indiea. 
But  in  Lotnbazdj,  water  ii  appliod  to  aomn  crop*  dnting  a  lon|[er  period  than 
one  hundred  days  \  and  in  the  marote  it  flows  orer  the  ground  even  in  winter. 
According  to  Bowaingaalt  (XWfwm/it  lianiie,  U.,  p.  345],  grua-grooada  ought 
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Jjombardv  &re  not  iiiclafled  in  these  estimates  of  the  amount  of 

water  applied.* 

to  leoeivs,  in  GenBftujr,  Cwcatf  Hwe  euitim-*tres  of  WRter  par  week,  and  witli 
lets  than  lulf  th&t  quantity  H  ii  not  a^rinbte  to  incur  the  exiwiun  of  supplr- 
iag  it.  Tli0  pDand  is  irrig&tvd  twfintf-STe  or  thirty  ttmeit,  and  it  kbe  fall 
qnantigr  of  twenty-ono  centim''tTmi  is  ftpp1i«rl,  it  r«c«ir««  nunv  Uuui  two  haa- 
dred  inches  of  water,  or  six  timw  tti«  touU  amount  of  predpitatioa.  P«v^ 
quoted  bj  Iktuwinganit,  after  ranch  research  coum  to  th«  ooodasion  that  a 
propvr  qnontitf  u  twtmtj  ccntimrtrBa  [eight  inchea]  opfilied  tw«Dt]r-STe  or 

thirty  titneo,  which  cArres|ionds  with  tJie  Mtimnto  joat  stotML     Paviv  ndtlk 

nn<l.  ns  ouc  anthor  thinks,  with  reason — that  thia  anonnl  might  be  doubled 
vitbont  diMdvantege.— iMiem,  iL,  p.  t4t},  249.  In  Rome  iwrta  of  Fivooe  thb 
qnantit;  is  immenoBtj  exceeded,  and  it  is  very  inportont  to  obaerre,  witk 
tefercnoe  to  the  employment  of  irri^rfttion  In  our  Nortb«m  States,  that  iralcr 
ia  noHt  freely  inipi)Ued  iii  the  onLtfr  prorinoee.  Thoa,  in  the  Toacea.  iiiiMlliaii 
ai»  llteralty  flooded  for  weetc»  tofrether,  and  while  in  thft  departmont  of  Vtm- 
dnae  n  nnuulow  may  rRoofve,  in  (Ire  wateringx  of  mx  and  a  half  boon  Bach, 
twenty-one  incbea  of  water.  In  the  Voe^ea  it  might  be  delag«d  for  Iwen^- 
fonr  hundred  hours  (n  nix  npiiIiRntionti,  thu  ononnons  qnonttt^  of  ChlrtoeB 
hundred  fe«t  of  water  flowing  over  it.  See  the  in^KUtant  wotfc  of  Buirfl 
Uancdn,  f?ur  PempM  dea  mu»  dana  le*  Irrigatiotu,  di^  ix. 

Boiiimnsraalt  olwerree  Uiat  min-water  in  vaotly  nirae  fertillxfag  than  th« 
water  of  irrigatiD^  oanAls,  and  therefore  the  aupply  of  the  latter  inoot  be 
greater.  This  ia  explained  portly  by  the  dlScient  vhartboter  of  the  aab- 
etaneea  held  in  aolutaon  or  nDspcnaion  by  the  watcn  of  the  earth  and  of  the 
aky.  portly  by  the  higher  temperature  of  the  latter,  and,  pomiUy,  fnrtljr  alio 
by  the  mode  of  application — the  toIq  b&ins  finely  dfrtded  in  lu  f«D  or  \ij  afink- 
tng  plnnte  cm  the  ground,  river-water  flowing  in  a,  eoutiauooa  ^cot. 

The  TernporatnTR  of  the  water  is  thought  even  mom  Important  than  tta  com- 
poeition.  The  nource«  which  irrigate  the  nareitt  of  Lombardy — raeodowa  «o 
fertile  that  leu  than  on  aero  famialiex  graia  for  a  eow  the  whole  year — an 
Tfliy  wnrni.  The  ground  watered  by  tliem  newr  freexea,  sod  a  first  crop,  for 
•oiling,  is  cnt  fr*>m  it  in  Jannory  or  Fithmiuy,  The  Canal  Oft^onr— wfafaJi 
takea  its  Bupi>1y  chiefly  from  the  Po  at  Chiviuwo,  fourteen  or  fifteen  mil^w  be- 
low Tnrin— fumixhea  water  of  much  higher  fertilizing  power  than  thai  de- 
rived from  tho  Dora  Bolt4a  and  the  Sc»ia,  both  beuaute  it  ia  warmer,  and  b»- 
«na*e  it  tnuuporta  a  more  ahnndont  and  n  richer  acdini^nt  than  the  lattar 
■treania,  which  are  fod  by  Alpine  ice-Belds  and  molting  bdovh,  and  wlikk 
flow,  for  long  dintoTiMw,  in  ohnnnet*  jrrnun'i  nmooth  and  bore  by  ancient  glo- 
cdera  and  not  now  contribatlng  much  regetable  mould  or  fiao  alime  to  their 
waten^ 

*  About  ono-flpventb  of  the  water  which  flows  over  the  mmtte  fa  abtwbej 
by  thft  Kiil  of  those  meadows  or  evaporat«d  fmm  iheir  surfaoe.  mad  aaaa»> 
qoently  lux-eerentha  of  the  mpply  remain  far  use  on  ground  at  lower  lercli. 
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The  ineteorolngical  effect  of  irrigation  on  a  large  ecalo, 
wliic))  would  aecm  prima  facie  mo6l  probable,  wmtld  be  au 
''iiMTL>n*«  of  precipitation  in  tbo  region  wolered.*  Tlilhertu 
scientific  observation  has  rccordetl  no  snuli  increase,  but  in  a 
question  of  so  purely  local  a  cliaracter,  wo  nnist  aft(U*it»e  very 
great  importance  to  a  considerntioii  whieh  1  have  noticed  clee- 
where,  but  wliicb  has  been  frequently  overlooked  by  meteoi'olo- 
^8t8,  namely,  that  vaporB  exhiiled  in  one  district  may  very  prob- 
ably be  condensed  and  proeipituted  in  another  very  distant 
fmin  iheir  source.  If  then  it  were  pmved  that  an  cxtenBion 
of  irrigated  soil  wafi  not  followed  by  an  increaAe  of  rain-fall  in 
the  game  territory,  tlie  pn>bal)ility  that  tlio  precipitation  was 
aujrtncnted  fimietchera  would  not  be  iu  the  least  diminished. 

Bnt  though  we  cannot  aliow  that  in  the  irrigated  purtiuna  of 
Italy  the  emnmcr  rain  is  moro  abundant  than  it  was  bcforo  irri- 
pition  waa  practisc'd — for  we  know  nothing  of  the  nictoorolo- 
gical  conditioitB  of  that  country  at  k>  remote  a  period — the  fact 
that  there  is  a  very  conndcrablo  precipitation  in  the  summer 
months  in  Loml)ardy  is  a  iitnmg  argument  in  favor  of  such  in- 
creaso.  In  tlie  otherwise  similar  climate  of  Rnmclia  and  of 
mm-h  of  Asia  Minor,  irrigation  is  indeed  prai-tiBod,  bnt  in  a 
relatively  small  projtortion.  In  those  provinecs  there  is  little  or 
no  summer  rain.  Is  it  not  highly  probable  that  the  difference 
between  Italy  anil  Tnrfccy  In  this  respect  ii  to  bo  aficriUcd,  in 
part  at  leasts  to  extensive  irrigation  in  the  former  w^unln-,  and 
the  want  of  it  in  the  latter?  It  is  true  that,  in  its  acco^iblo 
strata,  the  atmosphere  of  Ixindianly  i»  extremely  dry  during  tho 
period  of  irrigation,  but  it  reooivcs  an  immense  qnantity  of 


*  Od  Ifae  plaTlota«Uio  effect  of  irri^tioa.  M«  IfOWUKDim,  <6^(U#  Inm- 
^iiiarti,  Kic,  p.  73.  7>t;  the  Ninie  Mtlhor,  Eaai  tTj/dralasique utr  k  JfH,  p.  33; 
MBMKDAOt.iA,  AtuMid  tMT  ojma  iti  C^nmpian^  pp.  0e,  VJ,  nct4;  wid  B\iao 
SuiTil,  Tt'tli'm  frriffittiiia,  I,  pp.  180,  IftO, 

InaamttitiainAuttUrA'atur.  roL  57.  p,  444,  (t  b  etated  Ihtt  tlw nUt  on  ib« 
iMbmiuof  Saw  luw  IncrouNwI  ■Inuo  die  opaning  uf  thu  caiikl,  and  \m»  vnlugoil 
tlM  eraponble  nufiiaa  of  tha  otniuti; ;  bul  itiU  citotiot  bu  *ooept«l  u  aa 
artabliabed  fftct  wttiunM  farther  evidflooe. 
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moistarc  hy  the  ovftporation  from  the  walorod  Bciil,  and  iJie  tm- 
pidily  with  which  the  aqueous  vapor  is  carried  up  to  higher 
rej^aiifi — where,  if  not  thiven  elsewhere  bj  tlie  wind,  it  W4.»uUl 
be  ixmdeuscd  hy  the  cold  into  dvoi^A  of  rain  or  lit  lea»c  rUible 
elouds— is  the  reason  why  it  Ja  so  Uttle  pereeptiUit  in  the  air 
iiefti"  the  ground.* 

Hut  the  q^ue^tion  of  an  influence  on  temperaUire  n»ta  on  a 
different  pi-ound ;  for  thongh  the  couden&ation  of  vapor  inajr 
not  take  place  within  dajs  of  time  aud  dt^i'ccsof  diatanctifroin 
the  liour  and  the  place  where  it  wa$  exlialcd  from  iho  Aiirface, 
a  loeal  refrigeration  miiBt  necessarily  aocompany  a  li»c»l  eviijio- 
ration.  Hence,  though  llio  siiiniaer  tempemture  of  Ijombardr 
Is  high,  wo  are  warranted  in  alliniiing  tlmt  it  nuwi  liA^t;  been 
atiO  higher  before  the  iiitroductiou  of  irrigation,  aiid  vuuld 
agiiiii  become  so  if  tlmt  practic-e  were  (liscontiiuierJ.+ 

Tht!  (iuuntity  of  water  urtiticially  witlidrawn  from  running 
streams  for  the  purpose  of  irrigation  is  such  aa  vcrj  sonaittly 
tu  affe<-t  their  volume,  and  it  is,  tlierefore,  an  important  element 
ill  the  geography  of  rivers.  Brooks  of  no  trifling  current  are 
often  wholly  diverted  from  ihoir  natural  chiiunels  to  aupplj  the 
canals,  and  their  entire  irjans  of  water  is  completely  HliMirVnl 
or  evRporated,  so  that  only  snch  proportion  as  is  Ti-anamittvd  by 
infiltration  reaches  the  river  they  originally  fed.  Irri^tion, 
therefore,  diniinisliew  grciil  rivt-rs  in  warm  wmiitrieft  by  cutting 
off  their  sources  of  supply  as  well  as  hy  dirctit  a1>8ti*Hotioa  of 
water  from  tlieir  main  cliannels.  We  have  just  aoen  that  tlte 
system  of  irrigation  in  Lomliardy  deprives  the  Po  of  a  quan- 
tity of  water  equal  to  the  t<»tal  delivery  of  Iho  Seine  at  ordinanr 
flixxl,  Or,  in  other  words,  of  the  equivalent  of  a  lriVmtar\'  na\'i- 
gable  for  hundreds  of  niilea  by  vessels  of  eonsiderablo  burden. 

'  Tsnot  th«  mottled  oppcvajioe  of  tbs  upper  atmmphero  in  ttely,  whioli  I 
lukvc  alnaidy  noticcit,  porhapi  ilua  in  part  tti  tho  coudeosuttoa  of  the  iU{ti«oiu 
Tspor  rxhdlcA  hy  watered  ground  ? 

f  I  do  not  know  tltab  obMmtJODs  han  boeo  made  on  tlitt  th e rmonirtrio 
infltinnM*  at  Irrifration.  but  1  baro  ntUm  notioMJ  thnt,  on  the  irrigMt««I  plain 
of  Piedoiout  leu  miles  vcrath  of  Turin,  th«  mDmiug  tempAnturc  in  nunacr 
waH  sQTorsl  degron  below  Uutt  nuirkc-J  nt  the  ObMrrbtoij-  in  Uia  c£l7. 
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Tbo  now  canals  executed  and  projected  will  greatly  mcreate 
tlie  I068.  The  water  rcfi'iircd  for  irrigation  in  Kgypt  is  less 
than  would  bo  8iipp<ised  from  tJio  exceedlup  rapiditj'  of  evajw- 
nitioii  in  tliat  arid  climate;  for  the  eoi]  is  thor^^ngMy  saturated 
dtu-ing  the  inundation,  and  infiltration  from  the  Nile  continuca 
to  supply  a  cousiderahle  amonnt  of  hninidity  in  tJie  dry«t  »oa- 
Bon.  Linant  liey  eomputod  that,  in  the  Delta,  fifteen  and  one- 
tliird  cubic  yards  i>er  day  (tuflficed  to  irrigate  an  aero.  If  we  sup- 
pose water  to  bo  apjdied  for  oiio  hundi-cd  and  fifty  <lays  during 
the  season  of  growth,  this  would  ho  etpiivalcut  to  a  total  precipi- 
tation of  about  seventeen  inches  and  one-third.  Taking  the  tLnm 
of  actually  cultivated  soil  in  Eg_vpt  at  the  estimate  of  •t,5<>0,0t.i0 
acres,  and  tlie  average  amount  of  water  daily  applied  in  both 
Upper  and  Lower  Kgyi'l  at  twelve  hundredths  of  an  inch  in 
depth,  wo  hare  an  abstraction  of  about  74,(K>0,000  cubic  yards, 
whieli — the  mean  daily  delivery  of  the  Nile  being  in  round 
nuiu)>cr8  320,000,000  cubic  yards — is  twenty-direo  per  cent  of 
the  nvei-agc  quantity  of  water  contnbnted  to  the  Mediterranean 
by  that  river.* 

In  estimating  the  effect  of  thit*  abstraction  of  water  upon  the 
Tolnmo  of  great  rivers,  especially  in  tem|)erat6  climates  and  in 
cotuitrics  with  a  hilly  surface,  we  must  remember  that  all  the 
water  thus  withdrawn — except  that  which  is  absor'jed  by  vegeta- 
tion, that  which  enters  into  new  inorganic  compounds,  and  tlml 
whicli  is  earned  off  by  evaporation — is  finally  restored  to  tho 
original  currant  by  Bni>erficial  flow  or  by  inliltration.  It  is 
generally  estimated  that  from  one-third  to  one-half  of  the  water 
applied  to  the  fields  is  absorbed  by  tiie  earth,  and  this,  with  tlie 
deductions  just  given,  is  rcturucd  to  the  river  by  direct  infiltra- 
tion, or  descends  throngh  invisible  channels  to  moisten  lower 

*  Tti«  proportioQ  of  tlia  irRten  of  the  ISilo  wtilidnwti  for  iniyAtkio  Is  gnaA* 
«r  tbiu)  thin  calcalatii>a  mnkcn  it.  Tbo  qoauUly  required  for  ui  acn  U  law 
la  Uie  Delta  tbim  io  Ui>p«r  Etmit,  Iwtli  b«uEUiae  tlie  sotl  of  tlie  Delt«.  to 
whtoh  r.iBant  Bey'*  estimntA  sppUoa,  lien  Uttlc  higher  thut  tho  BOtfaos  of  tha 
tirer.  ftod  i«  puUr  MlarAt«d  by  inflltnttoa,  and  t>ec«iiM  n«»rthe  ee*,  in  N.  L. 
80",  vropoTBtJoii  i»  mnob  Ie»  lac^d  than  it  !■  aevecsl  degnes  Muthwanln  *im1 
lo  the  vioiuitj  of  ■  puolied  dasext 
30 


4C6 


KmOKATiox  or  Tim  WATKK. 


ground*,  and  thence  in  part  eecapea  again  into  the  bed  of  the  ^ 
riv'Cr,  byfiimilar  cotidiiitSf  or  in  the  form  of  springs  and  nrulrt3L^| 
Iiitererting  observfllions  have  Uitely  l>oen  made  on  thia  subject  ^ 
in  France  and  important  practical  rcsnlts  arrired  at.     It  was 
mainiained  that  mountain  irrigation  in  not  nltiinately  injariow 
to  that  of  the  plains  btlow,  because  lands  liberally  Traterod  in  tbft 
spring,  when  the  supply  is  abundant,  act  as  rcservoire,  eionstg 
up  by  ab8<)rption  water  which  afterwards  filters  down  to  lower 
grouTKls  or  escapes  into  the  channel  of  the  river  and  keeps  up 
its  current  in  the  drj*  enmmer  months,  so  as  to  compensate  fcr  ^J 
what,  durinn^  tlif»se  montlip,  is  withdrawn  from  it  for  upland  ^| 
irrigation.     Careful  investigatiou  showed  that  thotigh  tliis  pro- 
pfjsition  is  not  universally  true,  it  is  so  in  many  cases,  and  there 
can  bo  no  doubt  that  the  loss  in  the  vobime  of  rivers  by  the  aln 
straction  of  water  for  irrigation  is  very  considerably  less  thiin 
the  measure  of  the  qiiantit}'  withdrawn.* 

•  8m  Vioah,  f^udi  mr  lai  Trrigationt,  I^rn,  18<J7 ;  sod  Soott  Xoscxncrr, 

Jrriffation  in  Soulfitm  Europe,  pp.  89,  IlO. 

Th(?  brook  Am  Musn,  whi(?li  runa  throiigh  the  nusod  ettjrof  Fetim  andfis^- 
1j-  diaappfi&rn  'm  the  sands  of  Waili  al  ArabA,  ia  a  coaoderalile  Htreom  in  wtotc; 
Kni!  tbn  InliabitATita  of  that  town  yre^n  ohXigtiA  to  excavate  m  tunnel  tlinnigh 
the  rook  Dear  the  nght  bank,  jiut  abovs  the  apper  eatniD<«  of  tfae  nam>v  Sik, 
tadUichiu:[^  B  pnrt  of  ita  rwoUpd  aarreDt  The  ugticil;  of  I>r.  Rofainai 
det«ut«<i  Lhe  neceasit;  of  tbift  Treasure,  tltou^b  tho  tuiiDel,  the  iiMmtli  tf 
w>iiob  viui  hIJ:lca  bj-  bnuhwoDd,  was  not  diacorered  till  vome  Uin*  «ft^  Ui 
vuitt,  I  aveu  oolioi^I,  near  the  arob  tliat  ocoasea  tlie  Sik,  aoc'inivookl  mfSAiat 
of  a  Hlnlre  by  which  the  water  vras  direrted  to  tbu  tutiiiel.  Iiomcnae  labci 
vajt  bIw)  oxpoiided  in  M'iileDing  the  natural  cbaoucl  nt  KToral  points  tMlow  tbt 
town,  to  piweut  Uig  danimiuf;  Dp  and  sctiiug  bock  of  the  wabar— a  fui  I  te- 
lievu  aot  bitborto  uutiocd  by  tmvellera. 

The  Fellohheon  ahnva  Petra  Etiti  employ  the  wfttem  of  Ain  Muaa  for  Mr*- 
lloii.  and  in  buuuiicc  the  supeifLcial  current  io  wholly  diverted  tram  Ite  titIutt* 
cfa&nnei  for  that  purpoae.  At  tbia  asoBDQ.  the  1>gi1  of  the  brook,  which  ta  cen* 
jMMSd  of  p«l>blM.  gra-Tel.  uid  taud,  ia  dry  In  the  Sik  and  through  tlio  twa ; 
but  Ibi!  Infll:  ration  Is  etich  that  watnr  ta  ^nerally  tooait  by  digijfng  i^  ,| 
dej'th  in  tbo  chaiiuuL  OtMerrin^  theee  fao(«  iu  a  visit  to  Potxa  ia  tbo 
mer,  T  wan  cuHons  to  knovr  whether  tbe  aiibterrmiaaQ  wntcts  *^ai|n^  val> 
to  daylight,  and  I  followed  th« ravine  below  tb«  town  for  alooK-  ilMiiiuu.  5o( 
vary  far  from  tha  upper  antracoo  of  the  mviiiB,  arboreaccjit  1  ^^iTat hw  ap- 
peared upon  ita  bottom,  and  oa  soon  aa  the  groond  w&a  well  nhaijpd  %  tkmi 
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Irrig;ation,  as  employed  for  certain  apocial  purposes  in  Europe 
aiul  America,  is  projuctive  of  very  prejudicial  climatic  effects. 
I  refer  pRrticularly  to  the  cultivation  of  rice  in  the  Soiithcni 
Slates  of  the  American  Union  and  in  Italy.  Tlic  cliinatc  of  the 
Southern  Statas  Ia  in  general  not  ne<^e»Barily  unhealthy  fur  Uie 
white  man,  but  he  can  scarcely  sleep  a  single  ui^Ut  lu  the  vi- 
cinity of  the  nce-groands  without  being  attacked  by  a  daiigeroua 
fever.  Tlie  ncij^hborhood  of  the  rico-ficlds  is  possibly  Icaa  pes- 
tilential in  Lonibardy  and  Piedmont  tlian  in  South  Carolina  and 
Geor^^ia,  but  &till  very  insalubrious  to  botii  man  and  beast. 
"  Xot  only  ditct*  the  pijpulatioii  decrease  where  rioe  l6  growu;" 
says  Escourrou-Milliogo,  "  but  even  the  llockA  are  attacked  by 
typhuB.  lu  the  rlce-gruouds  the  soil  is  divided  into  compart- 
nienls  ri8ii)<;  in  gnidual  succetiston  to  the  level  of  the  iriigating 
canal,  in  order  that  tlio  water,  afw;r  having  flowed  one  field, 
may  be  dmwn  off  to  another,  un<I  Ihiu  a  single  current  servo 
for  several  compart mentx,  the  luwe»t  lield,  of  course,  slJIl  l>eiug 
liighcr  than  the  ditcb  which  at  hut  drains  both  it  and  the  adja- 
cent 6oil.  This  arrangement  gives  a  certain  force  of  hydnietatic 
prcssnre  to  tlic  water  with  which  the  rice:  is  irrigatcil,  and  the 
infiltmtion  from  these  Holds  is  said  to  cxtond  tlirouj^  neigh- 
Ixiring  grounds,  somctinicfl  t4i  tlie  distance  of  not  \e^  than  a 
myriam^tre,  or  6\x  English  niilesiand  to  be  destnictivo  to  crops 
and  even  trees  reached  by  it.  Land  thus  affected  can  no  longer 
Ihj  employed  for  any  piiriwse  but  growing  rice,  and  when  pro- 
pared  for  that  cmp,  it  propngutvs  still  further  tbo  evils  under 
which  it  had  itself  snfferod,  and,  of  course,  the  mist^hiof  is  a 


gi-owing  one 
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of  mkter  bant  oat.  This  wm  jofaied  hy  othan  «  little  lower  down.  and.  itt  the 
diaUnoe  oC  a  milo  from  tbio  towti,  a  ttaoag  oairent  waa  fonaed  and  nui  down 
toward*  1A'«iIi  el  \r»ba. 

Bitailar  Caota  aro  utMOired  in  all  couotriea  when  tba  flaperOcial  oomtDt  at 
wotor-oounai  u  divtrrtcd  from  ibrir  bed  for  irrl^tion,  hnt  Uiii  na«e  is  of 
■pedal  uttarest  becauw  it  ahowa  tii«  extant  of  abaorptioii  and  inflltmboa  «r«a 
In  the  tonid  olimale  tif  Aiahia.  fiae  BaiUD  SlUTil.  Jlaiim  JrriffathiL,  vtd. 
1.,  irpu  173,  IlBOaodSb)?. 

*  £MXiCBlM>u-31lLi>uao,  L'ltali*  d  propot  4»  tlb/ammm  d>  pi^irit,  ISM, 
p.  02.   Aoootdinif  to  an  artiolo  la  the  Uaiaetti  £    Sfrino  for  tha  17tli  of 
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Saig^  d/>ptmted  by  Wat^r  of  Trrujation. 

The  attentive  traveller  in  Egvpt  and  Jfubia  cannot  fail  lo 
notice  many  localities,  generally  of  small  extent,  where  the  soil 
is  rendered  infertile  by  an  cxrosH  of  saline  matter  in  ita  coiu- 
pumition.  In  many  cases,  perhaps  in  all,  these  l>arren  spots  He 
rather  above  the  level  nsually  flooded  by  the  inmidatiuns  of  tUe 
Nile,  and  yet  they  exhibit  traces  of  fonner  cnltivation.  Obeer- 
\'atiou8  in  India  su^i^retit  a  |x>^iblc  ex]jlauatiun  of  tills  fact.  A 
saline  effloi-cficence  called  "  Ueh  "  and  "Kuller"  is  gradually 
invading  many  of  the  most  foitile  districts  of  Nortliem  and 
Western  India,  and  changing  them  into  slerile  deserts.  It  «xtu- 
BJsts  principally  of  sulphate  of  eoda  (Glanber^s  salts),  vith 
varying'  proportions  of  common  salt.  These  salts  (which  in 
Binall  quantities  are  favurablu  to  fertility  of  soil)  are  said  to  be 
tlio  giuJnal  result  of  confentratiou  by  evaporation  of  river  and 
canal  waters,  which  contain  thom  in  very  minute  qiiaulitiea, 


1 


Juinmry,  18R9,  the  dentks  from  amlartons  tK\cr  iii  tlio  Ciuavo««  district — 
trtnoh  ifl  ostortel  to  have  been  altogether  tsw  from  this  diwAM  before  tli«  rrcett 
introductloQ  of  ric«-otilture — betw»en  tlie  Iflt  of  JnnniUT  Mid  the  IScli  of  Octo- 
ber, 16G8,  wen  two  tbouund  two  hsndnd  and  tt\,y.  Tbe  ct1«nt  of  the  t^|wfoa» 
inflneaoe  of  this  yery  InoAtivo  bro/ioh  of  niml  indtuiry  In  IIkIj  ia  rrmwlij 
bj  tha  xioe-giowera.  Bat  »Mi  Secusdo  L&mA,  Le  Runj<,  Torino,  ISN; 
Bblxi,  JIMi/uma  Patrwrrt,  p.  80;  and  cepccuHj-  CakIjO  Lrvr,  DfOit  «>)Aft»- 
tione  *Ui  Ri»  in  Italic,  to  tb«  yu&ca  Anteioffia  for  Joly.  1971,  p.  &W  ft  Mff. 

Accoidint;  tooffloblstetiBtiai.  therioe-ffTountliiof  lulf*  IndudtafftbeiidMdfc 
amoiicUd  in  1666  to  450,000  tujreii.  It  in  kd  Jntereodng^  faot  In  xvlatioBie 
gcufn^phiuol  and  cUmatio  oonditJoiui.  timt  wbilo  Utds  rioe  M  oulUraKvl  mmlM  of 
K.  L.  W  in  lUly,  liWle  Is  grown  h>  the  TToftwt  State*  north  of  35*.  To  tbe 
•ouLhward  of  tbe  great  allaTul  plain  of  Ibo  To,  tfat  BOrfaoo  ii  in  gtitipral  bM 
much  broken  to  admit  of  th»  fomnilJon  of  level  ficUs  of  mnoh  extent,  tmi 
wlicra  th«  urrofuid  ia  mibable,  th«  iupplj  of  w&t«[  Is  often  tniaOIciaat. 

The  Uoon  introdnoed  tho  cnltivation  of  i4c«  into  Sinin  at  lui  eariy  pttSod  ol 
tlieir  dominion  in  tbat  coantTj.  Th«  Spanlarda  wnrcd  rif*  In  Z«orab«n]T  wai 
1»  the  NeapoUtan  teiritoir  in  the  l^th  cciitur; ;  bat  beindes  llie  wmot  of  waar 
anil  of  level  groimd  cooveniotit  fnr  irHgnttan,  riee-bttshandiy  huA  prerad  w 
much  more  pemllcslaal  in  Houthom  tJino  ia  Northam  It*lj  that  It  has  lo^ 
b«eu  dijKKHu«|^  bjr  tb«  N«3i)olitAD  govomnraob. 
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and  with  which  Oie  landa  iu*e  either  iiTigated  or  occAeionAlly 
oversowed.  The  river  luiuidatiunB  iu  hut  coiiutriee  usually 
trtkc  |ilat«i  but  unco  iu  a  year,  and,  thuiijrh  the  banks  reimun 
finhiiiorgcd  for  days  or  oven  weeks,  the  water  at  that  period, 
Iveing  derived  priiicipnllr  froni  rains  and  snou's,  must  bo  Icsa 
highly  charged  with  niinei-al  matter  than  at  lower  stages,  and 
besides,  it  is  always  iu  motion.  Tlie  water  of  ii-rigation,  on 
the  other  baud,  is  applied  fur  maay  montliB  iu  succofieion,  it  is 
drawn  from  rivcra  and  cuimls  at  the  seRfions  when  the  pn^por- 
llon  of  salts  is  gi-eateitt,  and  it  either  sinks  into  the  snpcrficinl 
soiL,  carr)-in^  witli  it  the  Baline  Biil>fttancefl  it  holdfi  in  Bohition, 
or  is  evaporated  £]-um  tJie  snrface,  leaving  ihem  upon  it. 
lliMicc  irrigutiun  must  impart  to  the  soil  more  salts  than  natural 
jnnndation.  The  eterilized  grounds  in  K^ypt  and  Nnbia  lying 
above  the  reaeb  of  tlic  AimxU,  ad  I  have  itaid,  we  may  supposo 
tliein  to  have  been  lii-Kt  cultivated  in  that  remote  antiquity  when 
the  Nile  valley  receive<l  its  earliest  iiihabitantB,  and  when  its 
lower  grounds  wei-u  in  the  condition  of  inoniBses.  Tliey  must 
have  been  artidciully  irrigated  front  tlic  beginning ;  they  may 
have  l)Con  under  cultivation  many  ucnturios  before  die  soW  at 
a  lower  lerol  was  invmlcd  by  man,  and  hence  it  ifi  natural  that 
ihoy  slionid  be  more  Btix>ngly  impregnated  with  saline  matter 
than  fields  which  are  expoetd  everj*  year,  for  some  weeks,  to 
the  action  of  numjng  water  so  nearly  pure  that  it  would  bo 
more  likely  to  dissolve  salts  than  to  dei^Hisit  tliem. 

Subtemmaan  Watan. 


T  have  frequently  allnded  to  a  brancli  of  physical  geography, 
the  imp<»rtauco  of  whidi  is  but  recently  adequately  reo^iized 
— the  subterrauean  waters  of  the  earth  considered  as  stationaiy 
reservoirs,  as  flowing  currents,  aiid  as  filtrating  fluids.  Tlie 
earth  drinks  in  moistnre  by  direct  ab»(irption  from  the  atmos- 
phere, by  the  doixxsitiitn  of  dew,  by  rain  and  snow,  by  |icroola- 
[ton  from  rivers  and  other  gnperflcial  bodies  of  water,  and 
•ometimM  by  currents  flowing  into  caTcs  or  smaller  vialblo 
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apprtni-es.*     Some  of  thia  humidity  is  oxtialed   agftin  by  ihe 

*  The  great  lunestcnifl  pUttatiD  of  Lbs  Kuvt  iii  C&miola  is  oompleiefy  2ioaef  • 
combed  hy  ca.nm  thrrmeh  which  the  dniinnfr«  of  tbjit  upgion  ii  cfKidacted. 
Btren  of  coiuiderable  ralome  poot  into  ^ome  of  thene  oavesuid  okb  be  tiaoed 
VBdorEronni)  to  thrir  exit.  ThuA  tho  Recca  tuts  beeo  Mtilfiictarily  ideiltifi«d 
with  a  Etream  Qowia!^  tiirougU  tbo  cave  of  Treblofa,  mud  witli  the  Ttmim 
tfaii  TUnitvuH  of  ViiK^  &n<l  the  ondi^Dt  go ographen— which  emptiea  tbroagfc 
SCTCnU  mouths  into  iho  Ailrintic  iKtiTeem  Trieato  and  Aqnileia.  The  dtj  <C 
Triww  fa  Tpnr  ininiffioiontl;  snppliud  with  frrah  wat«r.  It  has  lieen  tbooglit 
pnuKiMbI«  to  auppLjr  thin  want  hj  tunaeUing  thioueb  the  wall  of  the  plataaa. 
which  TJHca  abruptly-  in  the  riMur  of  thv  town,  nnti)  hoihq  subteiran«ftn  ecremm 
ia  enooanlered,  thti  corrent  of  which  cau  be  conducted  to  the  oi^.  Hoc* 
TiMonary  projectors  ha.vc  gono  further,  anil  imaged  that  advantage  inJyht  ba 
taken  of  die  natuial  toimelfl  imder  the  Kaxnt  for  the  ponase  of  rcwda,  mB- 
waja,  and  sren  oaviirable  oaaaliB.  Bnthawcvcrcbimcrioaltluae  latter  aeb**** 
ma^  aeeio,  there  Li  erecy  reaeoD  to  buUeve  that  art  might  avail  ilaelf  af  Ummb 
gmlleriea  for  impronng  the  imperfect  dminn^  of  the  champaign  couattT' 
biAimled  by  the  Kaxst,  aud  that  stopping  or  o]>eiiliig  the  natuxnl  vluuind* 
Blight  Tery  mneh  modify  the  hydrofiraphy  of  on  exteturire  renijnn.  (««•«  in 
Au«  der  A'atur,  xx.,  pp-  3o0-£>4,  393-2(M),  two  interesting  arliolea  fvntidod  on 
Hba  researches  of  Schmidt. 

The  COMM  are  oertainly  cot  Duiiieroiui  where  marine  currents  nre  kuomi  to 
poTir  continnonRly  into  cavities  bequeath  the  imrface  of  the  earth,  bat  there  li 
at  leant  one  well-authetitioated  instanoe  of  this  sort— that  ot  ihe  mUl-KCremas 
at  An^nnboli  In  the  island  of  CephiUooia,  It  hnd  been  long  obaerred  thai  Uw 
•ea-wntvc  flowed  into  Hweiul  liCut  and  cuvltien  in  the  limestone  mclm  of  iIh 
coiutt,  hut  the  phenomenon  haa  excited  little  nCtcntton  nntEl  very  receutJy.  la 
183!},  three  ot  tlie  entrances  were  closed,  and  a  rejrular  channel,  iixteen  feet 
InnjT  and  three  feet  wide,  with  ft  fall  of  three  foot,  wan  cut  into  the  moutb  of 
a  Uri^r  cavity.  The  Keo-wuter  tloured  into  this  canal,  and  could  bo  fotioved 
eighteen  or  twenty  feet  bc?j*ond  its  ianer  terminna,  when  it  diaappeond  it 
holes  and  clefts  in  the  rock. 

in  IKTiS  the  oano]  had  been  eol&rt^l  to  the  width  of  Atg  fe«t  and  ■  hajt, 
and  a  dcptb  of  a  foot.  The  water  poun  rapidly  throiit;h  the  catutl  icioaa 
irrc^lax  dvpreaHion  and  forme  a  pool,  tlia  sarlaoe  of  which  ia  three  or  four 
f«cc  below  the  adjacent  soil,  and  abont  two  and  a  half  or  three  feet  bdcrw  the 
level  of  the  eoa.  From  thi»  pool  it  csmprn  through  eertml  hole*  and  defls 
in  the  rock,  and  hsa  not  yet  I>efm  fonnd  to  emoi^fe  clfiewhere. 

I'hero  ia  a  tide  st  Ar^oetoli  of  about  six  inches  in  sUll  weather,  but  U  la 
eoDSidcrobly  higher  with  a  sonth  wind.  I  do  not  ttnd  it  stated  whethot  water 
flowH  through  the  cannl  into  thu  cavity  at  low  lide,  but  it  distincitly  ap^etn 
that  there  in  no  rcHuont  cnrrcnt,  iu>  nf  coTirso  there  could  not  be  from  a  haaii 
■o  much  below  the  bcu.  Motiftsun  found  the  deliviny  throngh  ihe  *i*T»^^  |o  ba 
at  the  rate  <>(  S4.88  cubic  feet  to  the  seooad  ;  at  what  Bta^  of  Um  tlda  i 
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soil,  some  is  taken  up  bj  organic  growtliB  aud  by  inorganie 
compounds,  Bomo  ponrod  ont  npon  tlie  surface  by  springs  and 
eiihcr  immediately  evapora-tcd  or  carried  duwn  to  larger 
sbvauis  and  to  tbe  sea,  aoiitc  Aum-s  by  Bubtcrraiiean  cunrsea 
into  ibe  lied  of  frt^sh-watur  rivore  *  or  uf  the  nccan,  and  some 
rcinaiiia,  thoogti  even  bere  not  in  forever  motionlcBa  re|)osc,  to 
flU  deep  cadticB  and  underground  channela.     In  every  cau 

not  Appear.  Otber  miUa  of  the  mubb  sort  hara  been  erectod,  uid  there  ap- 
pear  to  be  Mvetnl  poinU  oa  tlie  ooiuA  wh9r»  the  •«•  Aovn  Into  ihv  laud. 

Vurioiu  hjrpotheae!!  hare  been  ann^etted  to  explaU)  thia  phenoinGnoa,  sama 
of  which  a«Maine  Uut  the  wkt«r  deaoeodi  to  •  great  depAh  betLsath  lh«  crud 
of  the  earth ;  bat  tho  rappodtloo  of  a  difference  of  level  in  the  rarface  of  the 
■M  oa  the  onxwite  aide*  of  the  bland,  wUoh  aeeiB*  confirmtd  b;'  otbai  ous 
munHbaeaa,  ia  the  uoac  obTlonii  nethod  of  explaiiilD^  tbeae  alngular  facta 
If  w«  nippoM  the  Urvl  of  tli9  water  on  on*  aide  of  the  bilaad  to  be  ral»ed  by 
the  action  of  oorrenta  three  or  foai  feet  higher  than  ou  the  other,  the  exbi- 
eooe  of  cttTitiea  and  cbaoneb  In  the  rock  would  eaaUy  acoaont  (or  a  sabter* 
tanenn  onrrent  beneath  tho  biland,  luid  tb«  apertnrea  of  e»cnpa  mif^ht  tie  ao 
d«*p  or  BO  aiuall  aa  to  oludo  obaerration.  B«*  Am  4tr  yatvr,  vol  xtx.,  pp. 
138  ft  tttifj.  I  hare  Inteljr  been  infonoed  bj  a  reiidcnt  of  the  Ionian  Islands, 
who  la  fauiliar  with  tho  locality,  that  the  aea  flown  oniut«iniptadlj  into  the 
■nb'insiilar  cavities,  at  all  utagn  ot  the  tidfi. 

*  "  The  allluenta  rcoelrod  lp.r  tho  Seine  below  Bouen  are  so  inooudderablc, 
that  bh«  Bupnentatinn  <tt  ttin  voliimo  of  that  river  tnnal  bo  aacribed  princdpalljr 
to  KprintT"  rutiiig  in  iu  tiod.  Thin  ie  a  point  of  whioh  cu^infiers  now  t^ike  notice, 
ami  M.  Belgrand,  tba  able  offioor  chatted  with  th«  Improveramt  of  the  nari- 
galioD  of  the  Seine  between  Paria  and  Roucu,  hai  ilevotod  ninoh  attention  to 
if— Il\ni5nET,  ^wrfrtcf  IxftuTM,  lii.,  p.  185. 

Ou  pag*  333  of  the  volume  junt  qnotod.  the  aaina  author  obaerrea  :  '*  In 
(be  lower  part  of  Ita  ooatie,  from  the  Tails  of  the  OUc.  the  fldne  neelvaa  io 
fpw  important  afflncnta,  that  vvaporntion  alone  would  iBDceto  ezhaiut  all 
th«  wat*r  which  pasara  nndc>r  the  brid{n>*  o'  Parte." 

Thia  anpjKWon  a  mncfa  greater  amount  of  ovapuiatlan  than  haa  Itaen  tuiaallf 
oompnted,  bat  I  brU^ve  it  ia  well  arttled  that  tlie  Solne  eonvejm  to  the  9m 
ranch  mora  water  than  ta  diacbaigcd  into  it  by  all  Ita  mipcrfclnl  Imtnobea 
llabinct  stnt«a  tho  eTaporattoo  from  the  anrfacc  of  water  at  Paria  to  be  twice 
is  gnat  aa  the  pnoipitatjon. 

Belffraad  anppoeee  that  tb«  flooda  of  tho  Bcin«  at  Paris  ore  not  prodaoed  bjr 
the  sapcrflotnl  flow  of  the  water  of  pmapiliUion  into  ita  channel,  but  from 
the  a>tcm«Dt«d  diaoharge  of  its  remote  moontadn  aonroes,  when  awollen  by 
Uie  rains  and  molted  snowa  whIoh  pemAate  throngh  tho  permeable  strata  la 
Ito  npper  ooazae.— ^IimmiJw  dti  PintU  H  Otaumitt,  i8SI,  vol.  L 
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the  oqiioi'iUR  vapors  of  t}ie  a!r  are  tbe  ultimate  source  of  eapplj, 
and  all  these  liidden  Atores  ai-e  ngain  ruturned  to  the  atmos- 
phere hy  cvaporatioa. 

Tlie  proporti<»u  of  the  water  cf  precipitation  takea  up  by 
direct  eva|K)ratic)ii  from  tlie  eiirfaco  of  the  ground  eeeins  to 
have  been  generally  exaggerated,  tiiifficient  allowajiGC  nc»t  being 
made  for  moisture  car]ied  downwards  or  in  a  latiirat  directiot^ 
hy  jiiliitratiou  or  by  crevices  in  the  superior  rockj*  or  earthj 
strata.    According  to  Wittwcr,  Mariolte  found  that  but  oofr- 
sixth  of    llio  prcuipitatiou    in    the  basin  of    the  Seine  was 
delivered  into  that  sea  by  the  river,  "  so  that  tive-«txths  re- 
mained  for  evaporation    and    eonsnmption    by  the    organic 
world."  *  Maury  estimated  the  annual  amount  of  predpitaxioa 
ill  the  vHlley  of  the  MisBissippi  at  C20  cubic  miles,  tho  discharge 
nf  that  river  into  tho  sen  at  107  cubic  miles,  and  concladfsa  Uiat 
"this  would  leave  513  cubic  miles  of  water  t^i  bo  evaporated 
fiom  tliift  river-basin  annually."  t    I"  these  and  uther  like  oom- 
putati<iu0,  tlie  water  carried  down  into  the  earth  bj  capillary 
and  larj^r  couduits  is  wholly  lost  sight  of,  and  no  thought  is 
bestowed  ujkju  the  supply  for  Bpriuf^,  for  common  and  artesian 
wells,  and  for  iindorgronnd  rivers,  like  those  in  the  great  caves 
of  Kentucky,  which  luny  j^iish  up  in  frcsh-waler  currents  at  the 
bottom  of  the  Caribbean  Hea,  or  rise  to  tho  light  of  day  in  the 
far-oflP  peninsula  of  Florida4 

*  Fk]ftkalueh6  0*offrapfat,  p.  280.  It  doM  not  appsu  whether  this  infer- 
ence in  Uariotta'a  or  Wittwor's.     I  «nppoao  It  la  a  oooolurioa  of  Uic  lattor. 

According  to  Tall^  the  6«)iifl  dbohaisM  into  tbtt  Ma  Ibirt;  per  cent,  of  th« 
|)r«ci])ita1ion  in  ita  vaIIrj',  whilo  the  Pn  detJTani  into  Uia  Atlriatio  two-lhiMs 
nnil  ]>erlia]<8  even  throe-qu&rtera  of  the  totftl  dofm-fnil  of  il«  bctstn.  Tbe 
diffpFf^nuett  lictween  iha  trlbutArien  of  the  Hindnippi  in  tliis  raipeet  &xe  mtuk* 
Able,  the  Mijiftouri  diHCbai^iif  only  flflc«Q  |>er  c«tit.,  the  Tuou  uot  !««■  **^n 
ninety.  The  exptiuiatioii  of  tbesa  fiw^  is  found  in  the  K^'^nkpfaioal  and 
{r^olotfical  cljumcter  of  the  rnllcjt  of  tbeae  riv«n.  The  Miseonri  flowm  vith 
a  rspM  current  throujch  ui  irregnlAT  onantr;,  the  Yazoo  haa  a  rury  alow  flow 
thiDUsh  a  low,  ollavial  re^^on  which  ii  kept  oonataot^  almoal  aatoratcil  Vv 
infiltiatloa. 

f  nffdaU  GeoffrapAif  €>f^t Bm.    Teodi  editioo.    LMidoo,  iHdt,  g  374, 

}  In  tho  low  pcnlnsota  of  Florida,  rivezs,  vhioh  mnct  have  lihAir 
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The  jimmjuii  iif  the  emphatically  modern  Bcienoe  of  geology 
has  corrected  these  erroueoiis  \'iews,  bectiuse  the  obecnutiuiis 
gii  wliit-h  it  depends  Lave  deiuuiiatrntod  uot  only  tlie  exiiiteiice, 
but  the  niovoiiiont,  gf  water  iu  uoarlj  all  goologiual  foriuations, 
have  collected  evideucc  of  tlie  presence  of  lai^  regervoirs  at 
greater  or  lefis  depths  beneath  anrfacca  of  almoet  ever)'  char- 
a<:tQr,  aiid  have  iuveetigatcd  the  rationale  of  the  attendant 
phciiuiiieua.*  Tlie  distribution  of  tliese  waters  has  bcLMi 
■  uiiiiutelv  studied  with  refereuw  to  a  great  miinber  vi  kical- 
itie^,  and  tliotigh  tlie  actual  mode  and  rate  of  their  vertical 
and  horizontal  transmifisiou  is  still  involved  in  mtich  trbscurity, 
the  laws  whieh  determine  their  af^gregaliou  are  so  wcU  under- 
fetood,  tJiat,  when  the  geology  of  a  given  district  is  known, 
it  is  iKit  ditBcult  to  dcterniino  at  what  depth  water  will  hd 
roaf^hud  hy  the  Iwrcr,  and  to  what  height  it  will  rise. 

Tlie  aanie  principles  have  been  Buccesftfiilly  applied  to  tho 
diM:overy  of  Bmall  subterranean  collections  or  currents  of  water, 
and  i>ome  persons  have  at^uiivd,  hy  a  iiiuderutc  knowledge 
of  tho  BUperfitiial  structure  of  the  earth  combined  with 
Viii<;  practice,  a  skill  in  tho  sclectiiiit  of  fuvomhle  placea  for 
digging  wolU  whic-li  eooiii£  to  ooniinon  oh^rvere    Utile   Ic«« 

in  moontaiiu  bandrc4a  of  miles  di«taQt,  pour  forth  from  (he  tarih  with  a 
Toliuno  ■ntScdent  to  penolt  rtouoboata  to  ascoiid  bo  thvir  bajdna  of  eniption. 
In  JaanUT',  185T,  a  inhiniuinB  frNh-w^tsr  river  bnnt  froin  th«  bottom  «| 
the  BM  Dot  fur  fiuiu  the  Mntbom  txtrvmitj  of  Um  paniinala,  uul  for  a 
wboto  month  ^hchaiywl  a  cunvnt  uoi  inf^riur  in  volume  to  tbu  rmr  Muaia- 
■ip|ji,  or  dorm  timM  th«  muui  duliror^r  of  the  Po,  and  more  tboa  us  timaa 
that  of  tho  NUo.  Wocmn  oxploin  thi«  |i)iftnoiauDmi  ool;  bjr  an|>paBfav  thattbd 
bad  uf  tb«  MM  wu  Kiddaulr  bunt  up  Uy  the  hjrdroatAtM  upwaid  pnoura  ot 
tlui  water  in  a  deep  r«*orvoir  eoiamiinlf  ting  wiUi  •t>ra«  gn»t  mbtwranoaii 
rivar  Oc  r«oept«ial«  Ut  tli«  moontaftui  of  a«0T|[!s  or  of  Oaba,  or  pvdupa  svaa 
in  the  Tallay  of  tb«  Htwinippi. — TiiOMAtHv,  UMiii  tur  V JIf/ilroiajfie. 

Lttta  >oatb«rD  jonnuds  inform  mi  that  tbn  oiT'4>k  Qtulur  the  Natund  Bridjrt 
in  V*irsituA  baa  Bnddiuilj  disappvamd,  iMing  ■wallowed  op  bv  oawlj'  fornicd 
tonim,  of  ntJcnown  depth,  in  itJi  chaond.  Itdooa  nol^iienr  thai  on  oncl«ft 
for  the  wateiB  thus  afaaorbcd  baa  b««n  dUoovered,  and  it  ia  nut  inprubaUa 
that  they  w  fiUiiv  win*  aad«t:((Tantid  eavit^  like  that  which  aappticd  th« 
aalijiiarioo  tnat  jnst  aMatwald. 

*  Seo  tapetinUy  Stoi-paxi,  C«no  di  Qnkgiitt  L,  fp.  870  i<  Mgff. 
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tUau  miraculous.  The  AbM  Paramelle — &  Freuch,  occ' 
who  dtvoted  himself  for  somo  years  to  this  subject  aud  wa» 
eiteiisivfly  cnijilined  as  a  vrell-tinder — ^statoti,  in  his  wrtrfc 
on  Fouiitrtina,  that  iii  the  course  of  thirty-four  years  he  had 
pointed  oat  more  than  ten  tliousand  subterranean  spriiig^i 
and  tliou^h  his  gcoloc^cal  speculations  woi-e  often  ernwi 
lii^rh  scientific  nuthnritiea  ht;ve  testified  to  the  great  practicalj 
value  of  his  methods,  and  the  general  acearacy  of  his  prwlt 
tions.* 

Ilydrographical  resciarehes  hare  domonstratod  the  exiBten< 
of  subterranean  currcnts  and  reservoirs  in  many  regi 
where  Biiperficial  geology  had  not  indicated  tlioir  pr»il»nl>l 
presence.  Thus,  a  much  larger  proportion  of  tlio  prccijjiLati* 
in  tlic  valley  of  the  Tiber  suddenly  disappoai^  tlian  can  be  ai 
counted  fur  by  ovaiiomtion  and  visible  flow  into  the  channel  *. 
the  river.  CasteDi  Biispocted  tliat  the  excess  tos  received  br 
nndergroniid  caverns,  and  slowly  cx>ndncted  by  percolation  I 
the  bed  of  the  Tiber.  Lonibardiiii — than  whom  there  is  no 
higher  authority — concludes  that  the  quantity  of  water  grad- 
ually discharged  mto  the  river  by  snbterranean  conduits,  is  n 
less  than  three- quarters  of  the  total  delivery  of  its  baeiii.f 

What  ia  true  of  the  hydrology  of  the  Til)er  is  duubtl 
more  or  less  true  of  that  of  other  rivei's,  and  the  immense 
value  of  natural  arrangements  which  diminish  the  dmij^r  of 
B'iddcn  floods  by  retaining  a  large  proportion  of  the  prceipit*- 
tioD,  aud  of  an  excessive  reduetion  of  river  cnrrenta  in 
droughts  of  summer,  by  slowly  conducting  into  their 
water  acL-uinnlatcd  antl  stored  up  in  subtoi-rancan  rcsorvoi 
rainy  seasons,  ia  too  obvious  to  require  to  bo  dwelt  npon. 

The  readiness  with  which  water  not  obstructed  by  iinj>cnnea- 

ble  strata  diffuses  itself  through  the  earth  in  all  directions and, 

oonscqueutly,  the  impnrtanee  of  keeping  up  t}ie  8np]>lv  of  sib- 
termnean  reeervoins — find  a  familiar  illuBtration  in  the  efF<?ct  u£ 


1 


*  Paramxi.i.e,  Qu^fiAunde,  mit  rintm  Vhrteort  rm  B.  Ootto.  IHiil 
f  3i<«  LouitAiiatKi,  Impiirtamii  diQli ttudi nBn  StatitUeada  FStnmL 
$imo,  Mtno  nathor,  8\JU  Inondiaioni  avvtnvU  m  jF^rancu,  eto,,  p,  •g*)^ 
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paving  the  ground  aliout  tlte  etuins  of  vines  and  troos.  Tlie 
Biirfoce-carrti  around  tho  tjTink  of  a  tree  may  be  made  almoet 
impcivioiis  to  water,  l>^'  flagstones  and  cement,  for  a  distAncc  sta 
groat  as  tho  epreiid  of  the  roots  ;  and  }-et  the  ti-eo  will  not  suffer 
for  want  of  moisture,  except  in  droufjhta  severe  enough  Bonsitly 
to  aifect  the  Biipplj  iu  dcoj)  wells  and  springs.  Botli  forcttt  and 
fruit  trees  attain  a  confiideraMo  age  and  e-hv  in  cities  where  tho 
streets  and  conrta  are  ektf«ly  ^>aved,  and  where  oven  the  lateral 
access  of  water  to  the  roota  is  more  or  letv  obetructed  by  deep 
ccllaiij  and  fouudatiuii  walk.  The  deep-lying  veins  and  sheets 
of  water,  supjtlicd  liy  iutlltratiou  from  oftou  comparatively 
distant  sources,  send  up  nioicttnro  by  capillary  attraction,  and  tho 
pavement  prevents  thc«oil  Iwnooth  it  from  losing  its  humidity  by 
eva^xiration.  Hence,  city-grown  trceti  find  moisture  enough  for 
their  root^,  and  though  plagued  with  stnoko  and  dust,  often 
retain  their  freehiieiM,  while  thcdo  planted  iu  the  open  fields, 
where  anu  and  wind  dry  up  the  soil  faster  than  the  subterranean 
fountains  cau  water  it,  are  withering  from  drought.*  Without 
tlie  Iiclp  of  artificial  cx>nduit  or  of  water-carrier,  tlie  Thoini'S 
and  tlio  Seine  refresh  tho  ornauieutal  trees  that  ebado  tho 
thoroughfares  of  Louduti  and  of  Paris,  and  beneath  the  hot  uud 
reeking  mould  of  Eg\pt,  the  Ifile  sends  currents  to  tlio  ex- 
tremosl  border  of  its  vallcy.f 

*  The  roots  of  trom  plnntod  in  towns  do  not  dopend  sxcliudreljr  on  inlUtia- 
tion  for  thf-ir  napply  of  wBt«T.  for  tboj  KrviTs  &  Mitein  unonac  of  both  mou* 
tore  and  air  Uiroa^h  the  iutunticm  between  the  paving -rtonca ;  but  when 
wide  mrfkcc*  of  iFtrceta  and  count  kro  pftvcd  with  air  and  wMcr  light  Mphal- 
tom,  u  in  l*aris,  trees  saStr  from  Uie  diminiahed  aappljr  of  tfaese  neooaau^ 
dvmeabL 

f  Sea  the  inlcnrtbiK  ohanratjonfl  of  KatECX  on  tiuM  Mibjeot,  SeirifUi/i  nr 
oBgemfinfn  Urdtutui^,  oip  IU.,  g  (t,  Atul  mpeciiUlx  the  psMttgea  in  Rittcb's 
Er^kuft't,  ToL  i.,  there  refcrrwd  to. 

Thd  tcnaeitT'  with  which  the  p«rch*d  anit  of  BsTpt  retaina  the  rapplj''  of 
moivtan  it  vooeiTv  from  tho  Kile  ia  w»ll  iUmtnitcd  by  ohaarTatknu  of  Oiranl 
oiled  bj  Lomtwrdfaii  from  the  Memain*  ile  PAeademie  itt  Hciencet,  L  iL .  191 7. 
Gtnrd <\ng  wella at  di-tonvcaof  )),200, 1,900, and  l,900iii4tiM  bout  tbeXila,  aod 
after  thnw  montlw  at  low  water  In  the  rirer,  fnand  water  in  tke  noat  nmott 
well,  at  4".  97,  in  Ike  nuxt  at  4".  28,  and  in  that  ncutnt  the  bank  at  3>n.  M 


476 


ASTESLLS   WELLB, 


Arietian   W«U«. 

The  existence  of  arteaian  wells  depends  npon  tliat  of  sub- 
terranean reserroirs  and  rivers,  aiid  the  eupplj  yielded  by 
borings  ig  rcgtdatcd  hy  the  abundance  of  kq^  bootcos.  The 
waters  of  the  earth  are,  in  many  cases,  derived  from  Buperficial 

Aktfve  the  nirfaoe  of  Xho  NQo.  Tbe  fiwt  that  the  wutmr  was  ^i1igiM»L  ui  ifaa 
iDO«t  dktant  wtH  appcAnt  to  thow  that  It  vrsa  derivcJ  trota  tb«  iaandAlMB 
and  uiA,  br  lateral  icfiluaUoa,  tnna  tiic  nn».  Bat  tratvc  la  fouad  typtieal* 
the  iSDiIa  at  {xuntji  far  a1>oi-e  and  bejond  the  nach  of  th6  imuMloElnnff,  and  cm 
b«  aocouiit«d  for  onlv  tjy  ■ableriaueaB  pevoolatioD  Cn>m  tbe  Xilo^  At  higfc 
flood,  the  hydnetetlo  pKarare  oa  the  banka,  uuimliiitej  with  tikpiDftZT  attn»> 
tiuu,  aeoda  water  to  great  hoiizootal  itirtincea  thmyli  the  looea  aoil ;  at  knr 
water  the  oaireiit  b  rerencd,  and  the  raoiature  receiTBd  froxa  tlu)  rtver  ta 
partij  rvtumed.  and  ma;  often  be  aeeo  ooduy  from  Uie  buika  itxUt  the  eItcc 
— d-OT  Bkt,  Aprr^n  tnirTBffif^-,  L,  1^8. 

lAax«at  {Mfmdra  $ur  I*  SaA*ra  Orient-d,  pp.  9,  0).  ia  apealdiig  at  m  mts 
at  £I-Fuil,  "  whiuh,  like  all  Uuwa  of  the  denrtt  ia,  nast  of  tha  tim^  withoW 
niiUT.''  ol-Mrrca,  that  nuuij  wcll«  arc  dog  is  the  bed  of  the  rnrer  in  the  dfj 
Evneou.  ao'l  that  the  Eubtonaacao  supply  of  water  thtu  reached  ext«od«  Itadf 
Ut^nillT.  at  atntit  the  same  I«t«1,  at  least  a  kQomdtn  from  tile  dvef.  mm  walu 
la  found  bj  digging  to  tbe  depCh  of  twelve  or  fifteen  nfetzes  aft  m  TTTTagw  rirtil 
fld  at  that  dltUnee  Smm  the  bonk. 

Beccat  cxperimenU;  howvvi-r,  iuT*  shown  (hat  in  the  com  of  riTcra  dovla^ 
throBfch  thlcklv  peopled  r^ioea,  and  eepcoiany  wh^tre  the  reftwc  ftom  iadoa- 
fadal  eatablijihiuenU  1*  di)«harsed  into  thean,  the  Budy  eomminnted  materia 
recetred  from  seweia  and  Eaotories  Bometimes  dojrs  np  tb^  mtent  irt^  hrtwnMi 
the  particloe  of  aand  and  fixvel  which  compose  the  bed  and  baaha.  aad  tha 
wat«r  ia  ctnaeqnflBtlT'  oonflncd  to  tbe  ahaniiel  and  no  loogcr  difltwos  jlerif 
laletally  thionch  the  adjacent  aoiL  Thie  otatraction  of  coone  aids  in  bath 
dirpctiona,  aooordin^  to  orciimEtanc«K.  In  one  caae,  it  piweate  the  eaca|t«  of 
cirer-water  and  teoda  to  maintain  a  foil  flow  of  tbe  cnxrrTit;  in  aovtberit 
intereepta  the  supply  the  river  miglit  otherwise  receive  by  infiltration  from  thA 
land,  and  thtu  lenda  to  reduce  the  rolntne  of  the  itream.  In  soma  insrami. 
pita  hare  bean  lonk  along  the  banks  of  large  riven  and  (he  water  vrhwfa  ftlfeea 
into  them  pnmped  np  tf>  tmpply  atiaedacta.  This  method  often  •aoeoMlai  b^ 
whets  the  bed  «l  the  atieain  haa  been  ntuiered  imperviooa  b^  tba  rliat  Imi|.< 
at  im|Kirltiea  Into  it,  it  cannot  be  d^Modad  upon. 

Tbe  tabular  wells  generally  fcaown  ••  the  JattricMt  well*  futaiab  ^fwtlwr 
proof  of  tba  ttm  diffnsiaa  and  etmUatkni  of  water  thwagb  tbe  ao<L  I  do 
not  know  tbe  data  of  the  Aiat  eraploymeat  of  ibeee  tabes  in  tbe  United  fits  If, 
but  as  early  aa  ItiGL.  the  Cheralier  Calasdia  Deed  woodeii  tabca  Cor  thja  par- 
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onnviits  which  are  seen  to  pour  into  chasms  opened,  ns  it  wove, 
expressly  for  thetr  reception  ;  and  in  others,  whow  nonperturea 
in  the  cnist  of  tlio  earth  have  boen  detected,  their  exiptenco  13 
proved  by  the  fact  that  artesian  wells  eomctimcB  bring  np 
from  great  depths  seedo,  leaves,  and  even  living  fit-h,  which 
must  have  lieen  carried  down  through  ehanneU  lai^e  enough 

pOM  In  nedmoDt,  witli  complete  inicceM.  8««  the  tntorcartjnii  pamphlet,  SvHa 
BUtmimt  1Mb  Aci'u  Sttterranrti.  by  C.  Cvlasdra.    Torino,  1S67. 

The  Moat  remarkable  cim  of  infiltration  known  to  me  bjr  pctDonnl  ofaverm- 
tJOD  u)  th«  oooimnoo  of  fnsb  wator  in  th«  boaoh-MOd  on  the  eaatam  aide  of 
tb«  Golf  of  Akab*,  tfao  eafitom  arm  of  the  Red  Sea.  If  yon  dJgacarityin  th« 
bMch  noax  th«  soa-lBTcl,  it  tooa  fills  n-itb  witter  no  frwh  aa  not  to  be  niidriuk- 
•Ua,  ttiongli  Ui«  HM-wator  two  or  tlirvc  yanls  from  it  cantaiaa  eren  more  thsn 
Um  •T«ng«  quantl^  of  uJt.  U  oaunot  bo  aiiuntained  that  Ihla  ia  aoa-watar 
frflaboood  y>j  filtmtion  tbroogh  a  frw  foot  or  inohea  of  aatul,  for  aalt-wat^r 
eaaaot  bo  dcprlvod  of  iU  Bait  b7  that  provess.  11  oan  only  oom<  from  the 
hit^hlniids  of  Arabia,  Kod  it  would  nccm  that  llien  mtut  exiat  aomo  laijge  mor- 
Toir  in  tlw  inborlot  to  fomiah  a  npply  which,  in  aplte  of  araponitjon,  holdi 
out  for  meotha  after  the  liurt  raina  at  wlntar,  and  peilwpa  even  fhrongli  tha 
yc-ur.  I  obaervod  the  fact  in  tbu  montli  of  JttM.  8«e  BonEieox,  DiUieal 
lUvnrtMff,  1857,  toI  i,  p.  167. 

Tho  pnicipitaUoa  in  thu  moiuitoina  that  boidor  tha  Rod  Bea  la  not  known  by 
ptnrkRnMrie  laeactmmant,  bat  the  maM  of  dCbria  bronght  down  tbe  nvinea 
by  tfaa  bDtranta  prora  tliat  tb«ir  Tolumu  mtwt  bg  Inigo.  The  proportion  of 
mrfiaet  ooTered  bj  aand  and  abaarb«nt  curth,  in  ArnMa  Petnca  and  the  n«i^'h- 
boxtaig  countrl«i,  (a  Bnall,  and  the  tnoimtaina  dcain  tbeuaelvw  rapidty  into 
tlw  wadlM  or  rarlnea  where  the  torrenU  are  formed  ;  but  the  beda  of  earth 
and  dintiti:)patud  rock  At  t)i«  butlom  of  tbe  Talleya  anj  of  bo  loom  and  porona 
taxtBT«,  that  a  ^Tcat  qnantity  of  wiit«r  la  ahaorbad  in  mbmtiDS  ttHrm  before 
ft  Tlaihla  eanvnt  ia  furmed  on  their  imrfaM.  In  a  hea*y  thunder-atorm, 
■oeoapanied  by  »  delufrtnfc  rain,  winch  I  witaeaaed  at  Motmt  Binal  In  the 
tnontii  of  May,  ■  largo  atieam  of  wstut  pooml.  in  an  ulinost  eontinuoiu  oos- 
Oftda,  down  tbe  ateep  raTine  north  of  the  conrrnt,  by  wlitoh  imTcUcn  Bome- 
tfasM  de*c«Bd  from  the  plntcna  between  the  two  peak*,  bat  after  reachhii; 
the  foot  of  the  moostaln,  it  flowed  bat  a  few  yarda  bsfore  it  waa  swallowed 
np  in  the  MUidfl. 

Fveah-water  wella  are  not  onf^nently  fband  npon  the  bordcn  of  oc«an 
beaohoa.  In  the  dry  summer  of  1870,  drinkable  wat^r  was  pTO<*an>d  in  ntany 
p]N>v<4  on  tbe  coaat  of  IA^Aa  by  dijjflBfr  ^  the  dppLh  of  n.  yard  in  tlie  beodi- 
eniKlM  Tnbnlar  wella  reach  fnah  water  at  twcWe  m  lUtcen  feet  betow  the 
anrfiK<^  on  the  aandy  plains  of  (.'ape  Cod.  In  this  latter  naae,  Ihe  rapt^y  it 
more  probably  dexived  dtreoUy  from  predpitetfoo  than  from  lateral  Inflltn- 
tftoe. 
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to  admit  a  conBicIcrahlc  Blioam.*  lint  in  genet-al,  the  sheets 
ami  curreiitfl  of  water  reached  by  deep  boring  appear  to  1m 
primarily  dwc  to  infiltraliou  from  liighlaiida  where  the  water 
h  first  cDllccted  in  supprficijil  or  siihteminuuii  reaervoira.  By 
means  of  clmnnels  coiiforniln^  to  the  dip  of  the  strata,  theie 
reservoira  communicate  with  the  lower  ba&ine,  and  exert  upon 
them  a  Unid  pressure  eulhrient  to  raife  a  column  to  tlie  stir- 
face,  whenever  an  orifice  is  openod.t  The  wator  delivered  by 
an  artciiian  well  is,  therefore,  often  derived  from  diitlant 
Boiirces,  and  may  he  wholly  uimffec-ted  by  ^t^raphical  or 
meteorological  clianges  in  its  immediate  neighborhood,  while 
thi>  t^ino  changes  may  quite  dry  np  emnnion  wells  and  spring 
whiL-h  are  fed  only  by  tlie  Wal  intiltratiou  of  their  own  nar- 
row basine. 

In  moat  cases,  artosinn  wells  have  been  Itored  for  purely  eoo- 
nomicul  or  industrial  purjioBes,  surh  it?  to  obtain  good  water  for 
doinebtie  use  or  for  driving  light  marhinory,  to  reach  saline  or 
other  mineral  cprings,  and  re^'*ntly,  in  America,  to  open  fount- 
ftius  of  petmleum  or  rock-oil.  Thegeogrnphic-al  and  goolijgicil 
effects  of  such  abutractioii  of  fluids  from  the  bowels  of  the  earth 
are  too  reniulc  and  uncertain  to  be  here  notioed  ;  X  hut  ai'tfsiao 

*  CMMthv.a  >lARTi»fl,  Le  Sahara,  in  jRo-ue  (Im  iJraf  MendM,  6«pt.  1,  IWl. 
p.  G\9;  .Stuii'am,  tWau  di  Otoiogia^  i.,  2tfl ;  Diusou,  Die  Sahara,  UukcI,  1(^1, 
pp.  &«),  61, 

f  It  it  conociTAbla  Uiat  in  ihallow  Babtfirraoean  basiiui  imfirffnr  iiliilwilil 
mincntl  fltrata  lany  reac  upou  tb«  w)it«r  aud  Im  [Kirltj  Biipporl«d  bjr  tt,  ]ii 
Ruch  CAM  the  weight  of  rnioti  strata  would  lie  on  addilaooali  if  not  Mbm  aoUt 
caoBQ  of  lUa  lutceut  of  thu  water  tbruugb  the  tubas  of  arCMiu)  weUa. 

Thti  naoeiit  of  petroleom  in  Ibo  artenian  oil-wella  in  FeatuQrLvanla,  and.  is 
saanjr  owe*,  of  luUt-wabet  in  ximOar  tuboa,  can  hordl;  be  aacribei]  to  lijrdn>- 
■Utio  pmmire,  and  there  la  much  rllfRculty  in  oocounUng  for  tbo  riae  of  waMr 
in  art«Hlati  well*  ixi  Totmy-  ^art><  of  the  Af rJcau  d«aert  on  that  priooiplet  IVzlMf* 
the  elaftticily  of  graaea,  wbiob  probabl;  aida  in  fbidDg  ap  petrgleoni  and  stijaa 
walans  nuo'  be,  not  tmfrequeutlj,  an  ngoncy  in  oan^mg  the  llov  of  WBt«x  in 
commoQ  uiteaisQ  boiiiqcK  It  is  said  that  arUsdaD  wvUii  ItAxiy  t^ored  in  CU- 
oogo,  acme  to  the  deptb  of  l.tiOO  feet,  miaa  waUr  to  tha  height  of  100  faal 
abova  the  mufaoe.     Wliat  in  the  saiuoe  oC  tha  prttsaart  f 

t  Uanj  more  or  lem  probable  conjcvturm  bava  been  made  ra  tliJK  iM>ja^^ 
but  tbua  far  I  am  not  aware  tliat  ncy  uf  the  apprchvnded  ivRilta  bare  facaa 
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nclU  have  lately  hocn  emplnycd  in  Aljj;eria  for  a  pnrpoeo which 
lias  even  now  a  Huljstantial,  and  may  hereafter  acquire  a  very 
PTcat  geographical  iniiKn-taucc.  It  was  observed  by  many  ear- 
lier as  well  ail  rctieiit  IrHvcIIcra  in  tlie  East,  among  whom  Sliaw 
deeersee  Bpccial  mention,  tliat  the  Lihyaii  desert,  bordering  upon 
the  cnltivatod  shores  of  the  Mediterranean,  appeared  in  many 
plaees  to  rest  u[>on  a  subtcrmnc&n  lake  it  an  aeccs^ible  distauuo 
hclow  the  surface.  The  Moors  are  vaguely  uid  to  bvm  artesiau 
wells  down  to  this  ret^ervuir,  (o  obtain  water  for  doiiii«tie  ubo 
and  irrigation,  and  there  is  evidence  tliat  tins  art  was  praotieed 
in  Xortliom  Africa  in  the  Middle  Aged.  But  it  had  been  lost 
hy  tlie  modem  Moon,  and  tbc  univenuil  a^tontidnuent  and  iucru- 
duiity  with  which  the  native  tribes  viewed  the  o(>eration8  of  tlie 
French  engineers  sent  into  the  desert  for  tliat  pnrposo,  are  a 
sufllcient  proof  that  this  mode  of  reaching  the  subterranean 
waters  was  now  to  them.  They  were,  howe^-cr,  aware  of  the 
cxUtence  of  water  below  tlie  sand^  and  were  dciterous  in  dig- 
ging wells — square  sliafts  lined  with  a  fratneworlt  of  jialm-treo 
stems — to  the  levc)  of  tlio  sheet.  The  wells  so  ocmstnicted, 
tliougli  not  teelinically  artesian  welU,  answer  tlie  same  purpose ; 


MtMlll' diown  to  kKT«tiappon(Ml,  In  »n  artidfi  ba  the  Annals  itfji  Prmt»  ft 
CAmmIm  fur  Jaljr  oud  Augiut,  1839,  p.  131,  it  wu  su^gmUil  that  Iha  Biukiug 
of  the  pUn  ot  ft  biidgo  M  Toan  In  FnnoB  wtm  ooooidoiied  bj  tlu>  abactoctioa  of 
w»l«r  from  tb«  euth  t>y  urt«nian  wells,  nnd  tin  easweqncat  witbdrftw*!  of  Oit 
ni«chftnlc«]  mpport  It  hfti)  prcHotwly  glTco  to  th*  ntntft  CAntalnin^  ft.  A 
reply  io  this  utiolo  will  be  found  is  VioiXST,  TMeria  dm  PuUt  ArtitUat, 
p.  217. 

In  MMnC  kwtB&ow  th«  WBtnr  hwi  nuhed  up  with  a  ftavm  whlofa  ammed  to 
lhriMU«a  the  ionntlittioa  of  the  D«ighborbood.  uid  «Trn  the  wnihing  awAj  of 
mnab  mU  ;  tiot  la  Uievttcaaei  th«  partial  vxbiuutioD  ot  Lbe  raijpty,  or  the  ralinf 
of  hydnwtatio  oreUMJo  pre«ore,  ha«  generaUjr  prodaoed  a  dimlnutaoo  of  tb« 
flow  in  a  abort  time,  aod  I  do  nol  know  that  nay  aenoaa  eril  ham  enr  Iwvn  ooe*- 
aioaed  in  thU  yny. 

la  April.  18V0,  a  cane  of  thia  aort  oooorred  la  borii^t  ao  arteeiaa  w«U  near 
the  ohnnA  of  Bt  Agnen  at  Venice.  When  the  drill  roaohod  the  depth  of  100 
feet,  n  Jet  of  mod  and  water  waa  ahiX  up  to  the  height  of  litO  feet  above  the 
corfaAe,  and  oontlnned  to  flow  with  gradoallf  dlmbiinhiny  force  for  about  eighi 
honn. 


u 


480 


ABTEBlAy   WELLS   CT  THE   DESKST. 


for  the  water  rises  to  the  sorface  and  flows  over  it  as  from  a 

*  Sc«  a  Tvxy  iirt-Ttrffrtfiif  aoooont  of  tbi—  vtlU,  uA  ot  tb«  wadcsatt  «te 
deaa  tliem  otit  when  ofcotraotod  lij  mad  tecmsfat  ap  n-ith  tha  w»tar,  la 
Lanraat'snUBOironUM  axttBuii  wella  recantlr  bond  Iqr  Um  TxAnCb  Oonra* 
neat  in  the  Algeran  itmexi.  Jf-mtiirt  t-r  U  Sahan  OHentat,  etc,  pfh.  19  H 
teft-  Some  of  Um  m«a  nmuBed  onilcr  wAtet  trom  two  miDstw  to  tiro  mia- 
ntes  nml  fortjr  aeoonda.  SevetBl  oBoen  lue  qautcd  at  harta^  observed  fas- 
menlinu  of  three  misotcs'  dnxatioa.  and  U.  Berbmgjfef  wMneaied  ooe  at  six 
mianioe  sad  fire  ioeoads  and  oaother  of  fire  minntcn  and  ftf^-ftre  secondK. 
The  eborteft  of  thcM  period* U  loa^fer  tlua  tbe  bMt  penri^diver  can  remala 
below  ibe  curfnoe  of  anil-water.  The  welb  of  the  SaLua  are  ficpm  Iweatr  to 
tijfhty  Bt^tres  deep-— Dk»>h.  Die  Sai^m,  Baad,  IfTTl.  p.  43. 

The  andRQt  Bnrptiaiis  vase  eoqaoisted  with  tb'  art  of  boring  artai^aa 
w«Ui.  Ayme,  a  Pteneh  engineer  in  the  aeniee  of  the  I'lushaof  HffTpt,  fowMi 
MTeralof  these  old  wells,  afew  jreanivo,intbeoaMs.  They  differed  IfttlofrDm 
Modern  artedan  velb,  but  wore  provided  with  pear-Abaped  Talvee  of  «too«  f<w 
cloein;  them  when  water  was  Dot  oe«ded.  Wbec  &eed  bota  the  annd  and 
mbbUh  wlib  which  thej  were  ehoJted.  they  flowed  fncly  and  tfar«w  ap  Bth 
lajje  enough  tax  the  labl«b  Tha  fiah  wen  not  faliDd,  aa  oaTe-Sdi  of  t<rn  am.  let 
were  fnorided  with  9jm,  and  belonged  to  rpeciee  comaon  in  the  Xile  The 
■and.  too.  brought  up  with  then  re«eiabl«d  thai  of  the  bed  of  that  rtrcK 
Hence  it  u  porobahle  tbat  they  were  carried  to  the  enaea  by  anbterrsaean  ohaa- 
neb  from  tha  mie.— DBMS,  2>U  Sthara,  Basel,  1^1,  p.  28;  STOFPAjtt,C^rm 
dt  Gaotogia^  L,  p.  381.  Barth  Bptsaka  of  oommon  wells  in  Xortbcrti  Africa 
from  dOO  to  'SGO  feet  dv^p.^lifum  in  Africa,  U..  p.  180. 

It  la  oettafai  that  artesian  wella  hare  been  common  In  China  frnm  a  rvxj 
temoCe  antiquity,  and  the  simple  methoal  used  by  the  Chinese — where  the 
drill  Is  mfsed  and  let  fall  by  a  ri^ie,  bistead  of  a  rigid  rod — baa  Itt t«l  j  been  etn- 
I^^yetl  is  Europe  with  adTsntncv-  Soma  <rf  the  Chinese  wells  arc  aaid  to  be 
a.f'OQ  fMtdeep;  that  of  NflnsolswariE  in  Silesia  ia  3,300.  A  well  wee  bond  al 
St.  Louis,  in  Xinoari,  a  Anr  y«Bn  ago,  tOfopplyaBeg*rraSDer<r.  lothadefib 
of  -.190  foet.  This  was  executed  by  a  private  fina  in  thrvo  year*,  at  iha 
expense  of  only  f  10,000.  Tour  ytwn  since  the  borfny  was  recomtneooad  is 
this  well  and  reached  a  depth  of  3,150  feet,  but  withonta  Mtiafnotovx  >eanll. 
Another  arteidaa  well  was  nnnk  at  Coltinibus,  in  Ohki,  to  the  depth  of  3.S0V 
feet,  but  without  obtaining  the  dfeired  supply  of  water.  Pexbapa.  however. 
thaartMian  woUof  the  greateat  depth  ererexeeistodnntUTeij  recently,  iaiinrt 
bored  within  the  Ust  *ds  or  seven  yeaza,  for  the  uaa  of  an  Insane  Aaylom  near 
ftt.  T.oii!a.  Thin  wdl  descends  to  the  depth  of  three  thooaand  e%ht  htuakwcl 
oni]  foTtv-threc  feet,  but  the  water  which  it  fomnhos  is  small  is  quantity  and 
of  a  quality  that  eanofrt  be  used  for  onlinary  domeslto  purpoeoe.  The  bon 
haa  a  diameter  of  six  inches  to  the  d'rpth  of  -iSS  feet,  and  after  tliat  it  U  tv- 
dneed  to  (onr  indiea.     For  about  three  thousand  feet  the  atnta  peaetolad 
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Tlieso  vrells,  however,  are  too  few  and  Uw  Hcaiity  in  snpply 
to  serve  nny  otlier  piirpm^es  than  llie  dinncdlic  xvelU  of  utiter 
coiiiiirie«,  und  it  is  but  re(%nt1y  that  lliu  tranHfitnuation  of 
desert  tuto  ctiltivable  land  bv  tiiia  iiieans  has  been  sorioiidly 
attempted.  The  French  GDvommeiit  h.ia  btired  a  lar^o  nnm> 
bar  of  artesian  wells  in  the  Algerian  deseit  within  a  few  jeara, 

van  of  oartxmifrrotut  and  magnawii  liiowtoo*  altonuitiiig  witfa  aaiKManc. 
The  eemainder  of  the  mil  puM*  tiuoogrh  Igneoiu  rack.  At  Ht,  Loaia  thA 
Stluaonri  aiul  Mii«iM>i|i|ii  fixvrn  are  nnt  more  tluui  l«-cuty  milmdisfauit  from 
Bach  ot^er.  and  it  U  wnnJij  of  nrite  dial  thfi  wnt«r«  of  B*itli«r  of  tho**  tiro 
riven  appear  to  hare  oiM-nnl  for  th«inMlvi«  a  cnniudftrable  nnbtomuinan  pan* 
aft  throitg^h  tbe  rockr  atrata  of  Iho  pAnin>uIa  which  itcparatftii  Uietn. 

yVbva  in  boriug  an  aitcsiao  well  irater  ia  not  tvochcd  uC  a  inoderiUo  iloptfa. 
It  IB  Dot  alwilys  oerijUB  that  it  will  be  fnand  \>j  Aiiriag  the  (Irill  Ktil]  lower. 
In  oertaio  fortnutiona,  water  dimiiiidioa  iu»  wo  dtwoeitd,  aud  it  Mecau  jirobabla 
thai,  exoept  tn  caiK  of  tMrena  and  deep  AnunM,  the  wci^tht  nf  thi>  mperincnm* 
beat  mineral  vtrata  eo  oompteoMa  the  oodMiTiilv  onee,  at  do  rttry  great  dia- 
taaee  lielow  the  Biufnae,  u  to  noder  tfaera  Impenneable  to  water  and  coo- 
Mqttentlj  altogetlMr  dl7.  Soe  Lmdvn  QuarUrlg  Jmirnat  ^  SeUnae,  So.  xrlL , 
Jul.  1808,  p.  18,  19. 

Id  tb«  ailTat  minee  of  Nevada  water  U  KnTColj  found  al  dcptbe  bolow  1,000 
fevt.  and  at  1,300  feet  from  tbe  forface  the  earth  U  qah«  di7. — Amtritan 
AnaiuU  of  SeietUifie  XVawNvy  for  1670,  p.  7S. 

ftlmOar  faotA  an  obwrrnl  in  Aunttalia.  The  Pbtuani  rreik  Xevt  wiit«a  : 
' '  A  liaffular  and  nnaiMountable  featore  in  oonneotion  with  our  deep  quartz 
mtnea  ia  being  derelopad  dailj,  wbicb  tawst,  surprise  tbofw  well  ozpcHonoed  in 
ntning:  mAttvia.  It  !■  tbedocieaae  of  water  aa  the  g^roater  dcpthn  are  readied. 
In  tb«  Hagdala  ehaft  at  IMO  ft.  the  water  haa  daonawwNl  to  a  mtnj'niVHi ,'  in  the 
Orowa  Otoai  B«er  ComponT'e  abaft,  at  600  ft.,  BOtwttbaUadiog  the  two  reefii 
reaeat|7  abniek,  no  extra  wator  haa  Imsb  oMt  with ;  and  la  the  long  dfiva  of 
the  Exteuded  Croee  Reef  Companv,  at  a  depth  of  over  800  ft.,  the  water  la 
Ugbter  than  it  wan  nearer  the  Bttrfaoo  " 

Boring  haa  be«n  carried  to  a  groat  depth  at  f^>«renbeiir  near  Dorlio,  where, 
in  lR7t,  the  drill  had  desoended  5,ii00  feet  below  the  aarfaae,  poaalag  tfanmgh 
a  atnttum  of  aalt  for  the  laat  3,200  feet ;  but  thr  drilling  waa  rtfll  In  progreaa, 
the  whole  thickneae  of  the  aalt'bail  not  baring  boon  peoatnlad.— .luftifr 
JV".ifMr,  voL  55,  p.  SOS. 

The  taxAB  that  there  are  mlnea  eitending  two  mllea  under  ttie  bod  of  the 
Ma,  which  are  not  parttenlarlj  sabfect  to  iaeonrenienoB  from  wator,  that  lit- 
tle water  wae  imcoutiter^  in  the  Ut.  Cent*  tuntMi,  8S00  feel  balow  the  aurfaue, 
and  that  at  Scarpa,  not  fnr  from  TiroU,  then  la  an  aneient  well  1700  foet 
deep  with  but  uvMaao  fMt  of  water,  ma^  alao  b«  dted  aa  proof*  that  water 
la  not  ooiTerHall^  dfcStaMd  al  great  dlatoncea  bmeath  the  surfaM. 
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and  the  native  eheiklis  are  beginning  to  avail  themselves  of  tlie 
process.  Ever}'  well  becomes  tlic  nucleus  oi  a  settlement  pn> 
portioued  to  the  supply  uf  water,  and  before  the  end  of  the 
year  1S0O,  several  noniade  tribf£  had  a1>aiidoncd  their  wander- 
lug  life,  eatablifihed  tbeni£elveu  around  the  wells,  and  j^Ianted 
more  than  30,000  palm  trees,  besides  other  perenniid  Tcge- 
tablcs.*  The  water  is  fuiuid  at  a  small  depth,  generally  from 
100  to  200  foet,  and  tljt>iigh  coiitaluiug  toy  hu^  a  pruiKjrtion  of 
mineral  matter  to  be  acceptable  to  a  Kuropean  palate,  it  an- 
ewere  well  for  irrigation,  and  does  not  prove  imvholesoine  to 
the  imtivea. 

The  most  obvious  use  of  artesian  wells  in  the  desert  at 
prt^m^nt  is  that  of  creating  stations  for  tlie  ostablisliment  of 
military  posts  and  halting-plac'es  for  the  desert  traveller;  bat 
if  the  supply  of  water  shall  prove  adequate  for  the  indefinite 
«xteiisiuii  of  the  system,  it  is  probably  destined  lu  pnKlaoe  a 
greater  geographical  transformation  than  has  ever  been  effected 
by  any  gehemo  of  human  improvement. 

TIio  most  fifrikiiig  coittrii«t  of  landscape  scenery  that  nature 
brings  near  togetlier  in  time  or  place,  is  that  between  the  green- 
er}* of  the  trujiica,  or  of  a  northern  summer,  and  the  SDOVT 
pall  of  leafless  winter.     Xext  to  this  in  startling  ntivelty  «F 

*  "  bi  tha  uitlcipatloti  of  our  niocesa  b1  Oiun  Ttilonr.  eTeixthitig  hatl  b«ea 
prepared  to  lake  adraubage  of  thi»  new  soutca  of  wealth  witboat  a  montBt'a 
deloj,  A  dinakm  of  the  tribn  of  the  Seliiuii,  wtd  Uioir  ahetklL,  Alasa  ben  Sfal^ 
l&id  tlie  foandation  (tfa  tUIacc  as  aooo  o«  Che  imtcr  flowed,  aod  i^ibIwHI 
twnlro  lioaJrud  dftts-palau,  renoiUKiinff  their  v&odurLn^  lifo  Lo  sLtBOfa  theai- 
Mlree  to  the  Mil.  la  this  arid  «pot,  lifn  hail  Ulfn  the  place  nt  eolitude,  aad 
preeented  itMtU,  with  ite  tnailiag  iiaagca,  to  the  Astuaiatuntl  tmvvller.  Tam( 
.tfirla  wen  Anviag  wntrr  at  the  foniiUin ;  the  flocks,  the  gn^  itlniHiiileiin 
with  their  slow  gacn,  the  honwa  led  hj  the  haltvr,  weie  moriag  to  tbe  weii^ 
iag  trough;  the  hoonds  find  the  tainnnn  onliTcnod  the  gnrap  of  |iiirty<«olend 
tanlB,  uid  liriog  voioM  and  aBitn&tBd  moreawat  had  snooeeded  to  aileaa*  wd 
dceoUUoQ."— Lacrr^t,  Sfinufirtt  $'jr  U  Sahara^  p.  85. 

Ikrtwcen  1866  and  1604  Uw  French  engioDeo  bad  boced  83  w«tU  la  te 
Hodna  and  Uie  Sahara  of  the  ProTincc  of  Cooatastin*,  Tieldit^,  oil  tiyiihw, 
9,0U0gallaiiaa  mioate,  aodixdigaliag  uori  than  ISQ.OOOdate-palnuk — BbclvSi 
Xa  Tvm^  l,  p.  IIO. 
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offcct,  we  must  mnk  the  sndden  traiisitlun  from  the  ekady  and 
venlant  oosis  of  tlie  desert  to  tiio  hare  and  boniing  party-col- 
orctl  fx.*ean  of  uirid  and  nx^k  irhich  sarronnda  it*  The  tnoet 
fAiigiiiiie  Ueliever  in  indefinite  hnttian  progress  hardly  exj>ecta 
tlutt  mau*s  cunning  will  nccomplish  the  univoreal  fulfilment  of 
the  prophecy,  "  the  dewrt  shall  Uhissom  aa  the  roec,"  in  its  literal 
sense  ;  hut  sober  giKf^raphem  have  tJiouglit  tlte  future  convorHiuu 
of  the  sand  plains  uf  Xurtliom  Africa  into  frnitful  gardons,  by 
means  of  art«sian  wells,  w^t  an  improbahlc  expectation.  They 
have  gone  farther,  and  argned  that,  if  the  wil  were  covered 
with  fields  and  foresta,  vegetation  would  call  down  moistare 


*  Thtt  vuMy  of  ImM  atui  tones  in  tha  local  color  of  the  dosert  ht  I  tlihilt, 
oo«  o(  the  pkeDonuaia  vhioh  nuMt  anrpriM  nail  intereat  «  •tauifer  tn  Ikoen 
regioo*.  In  England  and  the  linibkl  3tat«a,  rook  u  w  gooentlty  oorered  wftk 
moM  or  earth,  and  earth  vith  vcgMatloa,  thitX  nQtraTcUed  Gn^tiahnai  and 
Ameriouu  btb  nnt  very  faToiliar  with  luked  lock  aa  a  oanqtionoua  dement  of 
laodeei{M.  Hcooe,  in  tlieir  coixwptton  of  a  bare  dilf  or  pn>cfpic«,  tli«y 
barll;  aacribe  deRuite  color  to  it,  bnt  depici  it  to  their  iraafpuotion  a«  wear* 
{□9  a  neatral  tint  not  aanntilftbin  to  any  of  the  huea  with  which  uatut«  tln|r«a 
b«r  aitnoapherio  or  paiato  her  or^aiito  orenttoiu.  There  are  certjtiiil/  eztra- 
■iTfl  deaeit  ruvea,  dtiefl;  UmMtone  formtitjon*.  where  the  mrfhoe  la  either 
whitA,  or  haa  weathered  dnvn  to  a  dull  unirairaity  of  tone  which  can  hardlj 
ht  mliaAcoioT  at  nU  ;  and  tb«re  are  mik]  plains  and  drifttnir  hUIa  of  waul- 
■oiiM  monatcny  of  tiot.  Hut  the  cbegiUtfy  of  ib«  air,  though  it  mmj  tana 
the  glltt«t  of  tb«  tiateetoiie  to  a  Axuky  gnj,  brinffa  out  the  gnen  ud  brown 
Biid  |Mirp)e  of  theigfaeooa  tooka,  and  the  white  and  i«d  and  bine  and  violet 
and  70U0W  of  Ibe  Madstoae.  Many  a  olifF  in  Anbla  Potnea  b  aa  numlfold  in 
oulor  B«  the  mltibow,  and  the  velne  are  bo  variable  In  thidraen  and  InoUnatkni, 
•o  oontoTtod  Hid  involved  in  anangvraptit,  an  tn  bewilder  the  eve  of  the  ^>«o- 
Utor  like  a  dudt  of  paity-oolored  glam  in  Mpid  erolution. 

in  the  narrower  wadlca  Ibe  mlnwe  is  not  oomraon ;  but  on  broad  erpta««, 
a*  at  many  poiuta  between  Cairo  aad  Siiei,  and  In  Wadi  el  Araba.  it  moeka 
yon  with  lnke>  and  land-Iookad  baya^  ataddad  with  falaada  and  frinited  with 
tnea,  all  pataud  with  an  illiuorr  truth  of  repncMotiation  abeolntcdj-  iadin- 
tingniflhable  from  the  reality.  The  ctinckcrvd  xanb,  Um,  ix  canojiiitd  with  a 
bnven  B»  variesiu«d  u  itMlf.  Ton  we,  hl|[h  ap  tn  tbt  sky,  rosy  cloutU  at 
noaoday,  oolorvd  probablj  by  i«Seotii>n  from  llie  mddy  niaantalna,  while 
Dear  the  horijion  tloat  onmali  of  a  tnuitpatvat,  ethereal  blue.  »aaialngly  ballad 
np  out  of  the  clear  ocmloan  mibatanoa  of  the  Armament^  and  d«iMh«l  from 
tb*  buavenly  vaiUt,  not  by  color  or  oonaivtenoB,  but  aolely  by  the  Uffat  and 
ahade  of  thdr  laUent  and  T«titiaUng  oatUnea. 
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from  the  Llbyau  »ky,  aud  that  tlie  »howei-8  wbicli  are  now 
wasted  on  the  eea,  or  bo  often  delngo  Southern  Europe  with 
destructive  inundation,  wouhl  iti  part  Iw  uondoiiHcd  over  t)ie 
arid  waatee  of  Africa,  and  thne,  wirhont  fuithcr  aid  from  inj 
bestow  abundance  on  re^rions  which  nature  seems  to  have 
deuined  to  |wr[Ji;tual  dusolatiou. 

An  equally  buld  Biwculation,  founded  on  the  well-lcn< 
feet  that  the  tcmiicratui-e  of  the  oaith  and  of  its  internal  watciB 
inurca£CB  as  we  dcsi-^nd  bcncatli  the  fiiirf»no,  hAA  BiiggcRtod  that 
artesian  wells  might  supply  heat  for  indnstrial  and  domestic 
purjKJSCs,  for  hot-houee  eultlvatiou,  and  even  for  the  local 
amelioration  of  climate.  Tlie  sucxetw  with  which  Count  Lar- 
darel  has  employed  natural  hot  springs  for  the  evaporation 
of  water  charged  with  boraci<!  acid,  and  other  fortnnale  appli- 
cations of  tho  heat  of  tbernml  ponrces,  lenH  Bome  conntononce 
to  the  latter  proje<:t ;  hut  both  must,  for  the  ptrcwnt,  bo  ranked 
anion^  the  va^ruo  poiisibilitiee  of  science,  not  regarded  aa  pr\jb- 
ablo  future  triumphs  of  man  over  nature. 


A  more  plnnaible  and  in\*iting  scheme  is  that  of  the  cm* 
tion  of  peroniiial  Bprings  by  huBbanding  rain  and  snow  water, 
storing  it  np  in  artificial  reservoirs  of  earth,  ami  filtering  it 
thruii/^h  purifying  etrata,  in  analo^jy  with  the  o|H»ratir»ns  of 
nature.  Tlie  sagacious  Palissy— starling  from  tJie  theory  that 
all  springs  are  primarily  derived  from  precipitation,  and,  rea- 
soning JHstly  on  the  aceuinnlalion  and  movement  of  water  in 
the  earth — proposed  to  reduce  theory  to  practice,  and  to  imi- 
tate the  natural  ]>roces8e8  by  which  raiu  is  abtiorbed  by  the 
earth  and  given  out  again  in  running  fountains.  **'Wheu  I 
had  lung  and  diligently  considered  the  cause  of  tho  8priii«nng 
ci  natural  fomitaimt  and  tho  places  where  they  be  "woiit  to 
iwue,"  says  he,  "  I  did  plainly  j>erceive,  at  last,  that  thev  do 
proceed  and  are  engendered  of  nought  but  the  raiua.  And  it 
is  thia,  look  you,  wluch  hath  moved  me  to  enterprise  the  gath- 
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etiag  togofher  of  rain-water  after  tlio  manner  of  iiatnre,  and 
the  tnort  cloeely  according  to  lier  fashion  that  I  am  able;  and 
I  am  well  assured  that  by  following  the  formulary  of  the 
Supreme  Contriver  of  fountains,  I  van  make  springs,  the  water 
whereof  shall  bo  8«  guttd  and  pun^  and  clear  as  of  such  which 
be  natural."  *  Palissy  dificiuscs  the  subject  of  the  origin 
of  8i)riug8  at  length  and  i\-ith  much  ability,  dwelling  specially 
un  iufiltratiun,  and^  among  other  thiiigH,  thus  explains  the  fre- 
quency of  springs  in  mountainous  regions:  "Having  well 
(•uusidered  tlie  which,  thou  mayest  plainly  see  the  reafiun  why 
there  be  more  springs  and  rivulets  proceeding  from  the  inoun- 
tains  tliau  from  the  rest  of  the  earth ;  which  is  for  no  otlicr 
cause  but  tljat  the  rocks  and  mountains  do  retain  the  water  of 
the  ruins  like  vessels  of  bnua.  And  tlie  said  waters  fulling 
njKin  the  said  mountains  descend  cuntimially  through  the  earth, 
and  tlirongh  ci-ovicce,  and  slop  not  till  tlicy  find  some  place 
that  is  bottomed  with  sto[io  or  close  and  thick  rocks;  and  they 
rebt  ujK>n  such  bottom  nntil  they  6nd  s^Axie  channel  or  otlier 
manner  of  issue,  and  ihen  they  flow  out  in  springs  or  brooks 
or  rivers,  according  to  the  greatness  of  tlie  re60r\'oiis  aud  of  the 
outlet*  thoroof."  f 

After  a  full  cxpoaition  of  his  theory,  Palisey  proceeds  to 
describe  his  metliod  of  creatiug  e]>ring!t,  wliich  is  substantially 
the  #ame  as  that  lately  proposed  by  Babiuct  in  the  following 
terms:  "Cbooso  a  piece  of  ground  containing  four  or  Hvo 
acres,  with  a  mndy  sctil,  and  wiili  a  gentle  «Io]>o  to  determine 
the  flow  of  tho  water.  Along  Ua  up{>er  line,  dig  a  trench  tivo 
or  six  feet  deep  and  six  feet  wide.  Level  the  bottom  of  the 
trench,  and  make  it  irDpermeable  by  paving,  by  macadamizing, 
by  bitumen,  or,  more  simply  and  clicaply,  by  a  layer  of  cliiy. 
By  the  side  of  tliis  trench  dig  another,  and  tlux>w  tho  earth 
from  it  into  the  first,  and  so  on  nntil  yon  have  rendered  the 


*  a?um»  (b  PaJiug,  Dm  Sam  it  fbiUakm.  p.  t07. 
f  Id.,  p.  160.     Palwy'a  method  hu  novatiy  boon  tdod  with  good  nocMi 
In  Tkriooa  porta  of  Frmoee, 
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subsoil  of  the  whole  parcel  impermuable  to  rabi-water.  Caild 
B  wall  aloDg  tlie  lower  line  with  an  aperture  iu  the  uiiildlc  for 
the  water,  acid  phiiit  fruit  or  other  low  trees  n]x>n  tho  whole,  A 
to  glmde  tlio  ground  aud  cheek  tJie  currents  of  air  which  pro  ™ 
mote  evaporatiuu.  This  will  iiifallibl_v  give  j'on  a  j;ood  spring 
whieli  will  flow  without  inteniii&sJoii,  and  eujiply  the  \ranl8  of 
a  whole  hiunlet  or  a  lart^c  chateau."  *  Babiiict  states  tliat  the 
whole  aniuunt  of  precipitation  on  a  reservoir  of  the  proposed 
area,  in  the  climate  of  Paris,  would  be  al>out  13,000  cubic 
yaniB,  not  above  one  half  of  which,  he  thinks,  would  be  lost, 
and,  of  course,  tho  other  half  would  remain  available  to  snpplj 
tlie  sprin;;.  I  much  douljt  whether  tliis  exjiectatioii  would  be 
i-oalized  iu  practice,  in  its  whole  extent ;  for  if  Babinct  is  right 
in  supposing'  that  the  Bumnier  rain  is  wholly  evap*>ratod,  the 
winter  mius,  being  much  less  in  quantity,  would  Imrdly  suffice 
to  keep  the  earth  saturated  and  give  off  so  large  a  surplne. 

The  method  of  Palissy,  though,  as  I  Iiavo  said,  Eiinilar  in 
principle  to  that  of  Babinet,  would  he  cheaper  of  execution, 
and,  at  tlie  same  time,  more  efiiciuiit.  He  proposes  tho  cnin- 
Ptruction  of  relatively  small  filtering  receptacles,  into  which  he 
M'onld  conduct  the  min  falling  upon  a  large  area  of  i-ocfcv  hiW- 
side,  or  other  sloping  ground  net  readily  al>Korbing  water. 
This  pi-oecss  would,  in  all  probability,  bo  a  vet}- euft<;essful,  «8 
well  as  an  jucxpcnsive,  mode  of  economizing  atmospheric  pm-  J 
eipitatidu,  and  compelling  the  rain  and  &miw  to  form  pen-nnial 
fuuntalne  at  will. 


« 


*Baiuxkt,  Klud(4  t*  Leetufet  tur  U»  SatrntM  if  OfrMrvaKm,  it,  p.  9a& 
Ooi  MiUiDr  procedoa  bta  aocouat  at  Ills  method  with  •  ootoplouit  vUck 
matt  men  who  indulue  iu  Uiiukiiit;  bnTO  occiua^>a  to  npottt  m&ny  timM  te 
the  DOnno  at  their  Uvea.  "  I  will  explain  Ut  my  renden  tb«  co&strBciicPO  tf 
artificial  foantains  iux^onjin^  to  tlic  pinii  of  tlie  funoas  Bernard  d«  Piian. 
who,  a  hnndrei]  auJ  &ftf  [Lhrov  handivdj  jmmn  ngo,  oiua«  and  took  •WJ 
Ifoin  me,  a  buiutde  iuiadoi»ia!iui  at  tlie  nlnetecncfa  oeatarjr,  tiiw  Jwrowiiy 
which  I  hod  lakeu  &  grvat  dc^  of  pain"  to  mako.  It  ia  eaough  to  dkoowwt 
all  iovmitioa  wbcn.  one  tndu  ptaglar1st«  in  tliu  put  u  well  oa  la  tba  ratuv  I  * 
CP.  334.) 
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The  metliods  suggOKtod  1>v  Faliaej  and  hy  Bnbitiet  nre  of 
limited  apptication,  and  designed  only  to  supply  b  sufficient 
quantity  of  water  for  tho  doinesiic  use  of  small  villages  or  large 
ju'Lvato  catablielniient*.  Dumas  lias  projMised  a  much  inore  ex- 
tensive system  for  collecting  and  retaining  tlic  wliulc  prwipita- 
tion  in  consideraMc  valleys,  and  storing  it  in  rcst-rvoiiis,  wlioiit'ts 
it  is  to  he  drawn  for  household  and  mechnnit^nl  pnrixiSins,  for 
irrigation,  and,  in  stiort,  for  all  the  vnea  to  which  tJie  water  of 
natural  springs  and  brooks  is  applicable.  Hi^  plan  couei»t&  in 
draining  Ixjtli  surface  and  subst^il,  by  meanm  uf  etinduits  differ- 
ing in  eonAtniction  atici>nling  to  loeal  (rin;intietanec9,  hut  in  the 
main  not  unlike  tbdse  emplnved  in  improved  agriculture,  eol- 
levting  the  water  in  a  central  chaniKil,  securing  its  pmper  61- 
terage,  tbetking  ib?  loo  rapid  How  by  barriers  at  convenient 
])ointB,  uud  finally  receiving  the  whulo  iu  spacious,  covered 
reservoirs,  fn.in  whidi  it  nn\y  l»e  dischai^d  in  a  constant  flow 
or  at  intervals  as  oouvouience  may  dictate.* 

There  is  no  reasonable  doubt  ilial  a  ver}'  wide  emidonneut 
of  these  various  cxiutiivnnces  f(»r  eotmomizing  and  supplying 
water  ia  practicable,  and  the  e-X{)eclieu<.'y  of  n^>rtiiig  tu  them 
is  abmist  pnrt.>ly  an  e(»>noniicAl  f|iic«tit>n.  Tlioru  a|>pc'ans  to  be 
no  serious  roaAi^n  to  apprehend  ct>llatc]'al  evils  from  them,  and 
in  fact  all  of  thum,  except  artesian  wells,  are  tiniply  indire«:t 
incthuds  of  returning  to  the  original  amingcments  of  nature, 
or,  in  other  words, of  restoring  tho  tluid  circulation  of  the  glubc; 
for  wlien  tlie  railli  was  uivei-ed  with  the  foruat,  iterennial 
springs  gnslied  fmm  tlie  foot  nf  every  bill,  brooVs  flowed  down 
the  l>ed  of  every  valley.  The  partial  recovery  of  the  ft'untaius 
and  rivulets  which  once  abundantly  watered  the  face  of  the 
agricultural  world  seems  practicable  by  such  nicaim,  even  with- 
out any  general  replanting  of  the  forests  ;  and  the  cost  of  one 
yearns  warfare — or  in  «»mo  oountrica  of  tiiat  arnicil  peace  whiclt 

•  M.  0.  Dnus,  Ltt  Science  dn  Foi\Utint»,  ]M>7. 
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lias  been  called  "  Plat<3nic  war" — if  judiuiutusly  expeuded  in  a 
combination  of  both  methods  of  iinprovetuont,  would  secure,  to 
almost  every  coui^tiy  that  luan  haa  exliausted,  an  amclioratiuD 
of  diiimte,  a  reuovated  fertility  of  soil,  and  a  general  pb^Bical 
iiTiprovemtiut,  wUiuh  might  almost  bo  characterized  an  a  new 
creation. 


InuTiddtiona  and  Torrents. 


In  pointing  out  in  a  former  chapter  t]ie  evils  which  have  re- 
sultod  from  t!»o  tew  extonsivo  destruction  of  tlie  forests,  I  dwelt 
at  Bome  length  on  the  increased  violence  of  river  inundatiotus 
and  especially  on  the  devastations  of  torrents,  in  countriee  im- 
providently  deprived  of  their  woods,  and  I  spoke  of  the  n>plan^ 
uig  of   the  foi-esti*  m  probably  the  most  effectual  method  of 
jiroventing  the  fi-crjnenl  rcctirrenco  of  diaasti-ons  fltxids.     There 
Mro  many  region?  where,  from  the  lohS  of  the  enpertifial  boII, 
fi-om  financial  cons ide rations,  and  from  other  special  causes,  the 
general  restoration  of  the  woods  is  not,  under  present  circum- 
ittaiices,  either  powible  or  desirable.    In  all  inliabitod  cxmutries, 
the  necessities  of  agriculture  and  other  considerations  of  hnmaa 
convenience  will  always  retjuirc  the  occupation  of  uiueh  the 
lai^gest  pnijMtrtloii  of  t!io  sui-fnce  for  piirposefi  InoonHisteut  witli 
the  growth  of  extensive  foi-esta.     Kven  where  largo  piantationa 
are  possible  and  in  actual  process  of  execution,  many  yean  mtwt 
clajwe  before  the  action  of  the  dentnictive  causes  in  question 
van  bo  arrested  or  i>erhHits  even  seuf^ibly  mitigated  by  their  in- 
fluence ;  and  besidod,  floods  unll  always  occur  in  yeara  of  exoes- 
fiive  precipitation,  whether  the  surface  of  the  soil  be  generally 
cleared  or  generally  wooded.* 

*  AU  the  unmjiiementA  of  nual  hoBbatuliy.  nnd  we  aight  emy  ot  cirDIaid 
ocuupoDuy  of  tlic  earth,  are  Kuoh  &■  aecetMrUy  to  incr^AM  th«  dftn^^r  uid  tiM 
Tiu>i;«  fit  (IdmIh  bj  prnntDling  t3iB  rapid  ilisohargv  of  tJia  w&ion  of  )>rmnp!taUoii, 
SujitirHcial.  If  sot  iiabt«rraucaii,  drabuigc  u  ■  orcAMary  ooiidiHon  of  ftll  a^ti- 
caltare.  There  ta  no  field  which  hoa  not  Bumo  BrliUdnl  ilii^rasitioQ  for 
pnr)>ofte,  and  erea  tho  foirowB  of  plon^heil  InnA,  if  tht!  surface  U  luc 
aod  espaiciaUy  wlieu  it  u  ftozen,  lervQ  iath«r  to  carry  off  than  to  tet 
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FS^neal  improvement  in  this  itMpcct,  then,  cannot  be  cou- 
finoU  to  merely  preventive  measures,  but,  id  oountriee  subjout 
to  (iHii)Ago  by  iiiundntiuit,  muHiLS  must  be  ci>iitrJvoil  l^ii  iibviatd 
tlau^ra  uiid  diii)ini.sh  iujuries  to  whii-h  human  life  and  all  the 
works  of  huinau  iiidustiy  will  occasionally  be  exposed,  in  spite 
yf  every  effort  to  lessen  tlie  fre^iuoncy  of  their  recurrence  by 
acting  directly  on  the  eaasee  that  pnMlnee  them.  As  every 
civiliiicd  eoiinti-y  is,  in  som«  degree,  siihjoct  to  inundatioD  by 
tlie  overflow  of  rivers,  the  evil  is  a  familiar  one,  and  needs  no 
general  description.  In  discussing  tills  branch  uf  the  Rubject, 
therefore,  I  may  eoufiue  myself  chiefly  to  the  means  that  ha\*e 
been  or  may  be  employed  to  rL-siat  the  force  and  limit  the  ravn- 
peo  of  floods,  which,  loft  wholly  unrestrained,  would  not  only 
inflict  immense  injury  upon  tlie  material  interests  of  man,  but 
produce  geographical  revohitions  of  no  little  mngnittide. 


InuTuiatiorvi  of  1856  in  Franoe. 

Tlio  ino:itb  uf  May^  1856,  was  remarkable  for  violent  and 
almost  unintormpted  rains,  and  most  of  the  river-basins  of 
Franco  wei-e  inundated  to  au  extraordinary  lieiffht.  In  iho  val- 
leys of  the  Lt'iire  and  its  atHnents,  about  a  million  of  ac-riiK,  in- 
cluding many  towns  and  villages,  were  Uid  under  water,  and 
the  amount  of  ]iecuninry  diiinii^e  was  almoet  incalcnlable.* 
The  fl<Nid  was  imt  Ic-tw  dr>itructivc  in  the  valley  of  the  KIukic, 
and  in  fact  an  iuvoaiou  by  a  hostile  army  conUl  liardly  have 
been  more  disastrous  Xa  the  inhabitants  of  the  plains  tluui  was 
this  terrihle  ilelu;^.  There  hud  been  a  flo<Kl  of  this  latter 
river  iu  the  year  1840,  which,  for  height  and  quantity  of  water, 
WIS  almost  as  remarkable  ai  that  of  ltj66,  but  it  took  place  in 

watoc.  As  Baaqosnl  hiw  olwerred,  oomnioD  road  uid  milwaj  ilitoliea  luo 
amoBff  tlui  BKMt  flttoieDt  cuwluIU  (or  Um  dlMliv>K«  of  •urfi»ce-wNi«r  wliioh 
mm  hw  J9%  oonrtmrtwi.  iml  of  ooona  tb<7  mo  powwfol  ayenui  in  ouuriOff 
rirer  inondatioiw.  All  th«M  laiaiMds  are,  iodeed,  naoewwy  for  the  coov^ 
nleaoe  of  man,  bnt  thk  eoimnkaioe,  like  every  other  Interfetotm  wUh  tb*  or- 
der of  nnture,  utut  often  1m  ponbMed  st  ■  Imstt  coat. 
■  OUiUcruui,  Lm  InrntbttitM  m  Fntiue,  IU.,  p.  tS6,  DOia. 
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the  month  of  Norember,  when  the  crops  Lad  all  l>ecn  Uarvesteil, 
aud  the  injiuT  indicted  bv  it  upon  agriculturUts  was,  tbereforv, 
nf  a  elmtacter  to  be  less  ^Bovert-ly  mid  loss  iminedrntely  felt  tiua 
the  e-oiihct^tieiices  of  tiie  iiiuiulHtlnn  (if  1S50.* 

In  the  fifteeu  years  between  these  tn'o  great  floods  the  popn- 
latioii  and  the  rural  iinpri>vemcnts  of  the  river  vallera  had 
much  iucreoiicd,  coniiuun  roade,  brid;rc6,  uiid  niilwaya  had  boo 
multiplied  aud  extended,  ttilcgmph  Inica  hiid  I>con  coiutructaL 
all  of  which  shared  in  the  geiioni]  ruin,  and  lieiiue  groaleraad 
moi-o  tlivDnjiiicJ  iiiterostd  were  afti-'cted  hj  the  catu&trc^ilM  of 
ISoG  than  by  any  foniierlikc  calamity.  The  ^reat  flood  of  li*W 
had  excited  the  ultentiun  and  rotised  tlie  eynipatbios  of  liw 
French  pcojile,  aud  tlie  subjuct  was  iuvestcd  with  iicw  uitciett 
by  the  Btill  more  furmitlable  <  hameter  of  the  iiiiindatioos  of 
1S50.  It  was  felt  that  tliotte  ^i^ourgcs  had  ceased  to  be  a  matter 
of  merely  locul  uuiicerUf  for,  although  they  bore  mcMt  bearjlf. 
on  those  wht/se  honied  and  fields  were  sitnalei.!  within  the 
mediate  reach  of  tlie  BWcUiuj?  waters,  yet  they  frcqueutly  de- 
stroyed harvests"  valuable  enough  to  be  a  matter  of  naiionil 
iutei-CBt,  endangered  tlic  per»onal  security  of  the  population  >A 
hnjKiilant  political  centn*.  interrupted  eoinmnni cation  fordaw 
and  even  weeks  together  on  ^reat  lines  of  traffic  aiid  truvel— 
thnsseverinj^,  as  it  were,  all  South-weatern  France  from  ilicred 
of  the  empire — and  finally  threatone*!  to  produce  ^reat  and  psr 
inancnt  ficopTipliiciU  changes.  Tlio  wcll-licing  of  tlie  irh(^ 
coramnnweaUh  was  seen  tti  be  involvt-d  in  prevontin;?  (he  recM- 
rence  and  in  limiting  the  raii^  of  ench  devaBtatioiia.  1^ 
Government  encouraged  scientific  investigation  of  the  pbtnch 

*  NottrlthaUBdiiiff  this  fsToniblc  oiroiiiiuitAiiM,  the  ilBWga  do^  lir  *• 
buudittlon  of  ISiO  m  the  valley  of  the  Ilhonfi  wm  eatunmted  at  ■«T«oir-Cn 
miilioM  of  frnnc*.— OiiAMl'ios.  Lm  InoHdalioa*  en  PrtMnot,  It.,  p,  JS4. 

Scwml  mioUvr  Suoda  of  tb«  Ubono,  «rp«rieiioed  at  a  aomarwhAi  asdMr^ 
wn  o(  the  foar  in  I84tl,  oocoajoiiuiI  a  Iom  of  fur^'five  niUIiou*  of  foiM. 
"  niiKt  if,"  mym  Dumoiit,  "  mawwl  of  hftppanrng  in  October,  thai  ia.  b>t«e* 
harT«tt  Mud  Medtime,  thej  had  occanwl  liofore  the  cropM  wer«  aeearvd  t  Tte 
danagv  wuuM  Iwve  heea  coa&Uxl  bjr  huodredB  of  miUioiw.*' — i>«  7*r 
FhAUw,  p.  90,  note. 
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uieuA  and  tlioir  laws.  Tlieir  catiaoA,  tlieir  history,  tlicir  imme- 
diate and  remutti  ooufietj^ueuoes,  and  tlie  poeslbU  siifegiiards  to 
be  eiiitiluyod  agaitigt  tliom,  havo  been  carefully  studied  by  the 
ina6t  eminent  phyBiciaU,  &6  well  a£  by  the  ablest  tfaeorotical 
and  practical  engineers  of  France.  Many  hitlierio  uiK>l)6erved 
fttvts  havu  been  collected,  many  new  hypoUiefica  eti^eeted,  aud 
many  plana,  more  or  lc6s  original  in  character,  have  been  de- 
vi&ed  for  combating  tlio  evil ;  but  thus  far,  tho  most  competent 
jndgesaro  not  well  Agreed  a^  to  the  mode,  or  even  tlte  pua^i- 
bUity,  of  applying  an  cfEoctual  remedy. 

1  \mvq  noticed  in  the  next  preceding  chapter  the  recent  legu- 
lation  of  France  upon  tlio  prcscrvntioii  and  rustoi-aticm  of  the 
iurestit,  with  reference  to  their  utility  in  subduing  tniTonts  and 
lettening  tlie  freqaeucy  and  duninifihiiig  the  violence  of  river 
inniidatioiis.  Tho  provibions  of  these  laws  are  provcsntivo 
ratlier  tJiiin  reinudial,  but  nu»t  beneiicial  effecta  have  already 
been  cxpuricncod  from  the  measures  adopted  in  i}iirsuanoe  of 
tlicm,  rJiuugh  sufficient  tune  lias  not  yet  elapsed  for  the  eom- 
plote  execution  of  the  greater  operation  of  the  systein. 

Siuine  of  Jieceplion. 

JDwh active  inundations  of  largo  rivera  are  seldom,  if  over, 
produced  by  precipitation  within  the  limits  of  the  principal 
valley,  but  almost  uniformly  by  sudden  tluiws  or  cxccfriive  raixu 
on  the  mountain  ranges  where  the  tributaries  take  their  rise. 
It  ie  therefore  plain  that  any  measures  which  fthall  fhccic  the 
flow  of  surface-waters  into  the  channels  of  the  afllucnte,  or 
which  shall  retard  the  delivery  of  such  waters  into  the  princi- 
pal stream  by  itit  tributaries,  wilt  diminish  in  tho  same  proj^or- 
tion  Uie  dangers  aud  the  evils  of  innndatiou  by  great  rivers. 
The  rotentioa  of  tlie  surface- waters  ujxvi  or  iu  the  ew)il  e»n 
hai-dly  be  accomplished  except  by  the  methrKlii  already  men- 
tioned, replanting  of  forests,  and  fm-rowing  or  torracnig.  'i'ho 
current  of  mountain  streams  can  be  clieeked  by  various 
methods,  among  which  the  most  familiar  and  obvious  is  tho 
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erectiou  of  barriere  or  dams  across  thoir  cbaaneU,  at  points 
convenient  for  forming  reeervoirs  large  enongh  to  retiun  tl» 
superfluous  wators  of  great  ralne  and  thawe.*  Iie$ide«  the 
utility  of  Biu:h  basing  in  preveutiiig  floods,  tbe  construction  of 
tbem  is  rocouunended  hy  very  strong  uonsideratioiifi,  euch  as  the 
furnishing  of  a  cx>nstant  enpply  of  water  for  agricnltnral  and 
meulmnieal  purposes,  and,  also,  their  value  as  ponda  fur 
brftoding  and  rearing  fish,  and,  perhaps,  for  cultivating  ai|iiatic 
vegetables.t 

The  objci;tioii8  to  tlic  general  adoption  of  Utc  system  of 
reeervoire  aro  these:  the  exjien&e  of  their  coHstntction  and 
maintenance;  the  reduction  of  cnUtv&ble  area  by  tlie  amntnit 
of  surface  they  must  cover;  the  interruption  they  wonM 
occasion  to  free  commani  cation ;  the  probability  that  they 
Would  6<)(m  lie  filled  up  with  sediment,  and  the  obviutts  fact 
tliat  wlieu  full  of  earth,  or  even  water,  they  would  no  longer 
serve  tJieir  principal  purpose;  the  great  danger  to  which  they 
would  cxix»c  the  country  below  them  in  case  of  the  bursting 
of  tliuir  barriere  ;  X  the  evil  cou8ei|uences  they  would  ocuasitm 
by  pnilongiiig  the  flow  of  inundations  in  proportion  as  they 
diminisibed  their  height;  the  injurious  effects  it  is  supposod 
they  would  pi-oduco  upon  the  salubrity  of  the  neighboring 
dii^tricts ;  aiid,  Imtly,  the  alleged  impossibility  of  constmcting 
artiflcial  basins  sufiicioiit  in  capacity  to  prevent,  or  in  any  oon- 

*  On  Ui«  ooniitnictioQ  of  bemponu;  arul  more  jwmwneot  tMurian  to  tM 
cmrenta  of  toTrentH  and  rivnlets,  wb  Habcuatcd,  /^m  TWrvnCa  <fM  Mfim,  im 
lierve  dr»  Ka\u  <t  ForiU  for  October  >iid  November,  1871. 

f  In  rcfcTi^iioc  to  the  atilisntiim  of  aniticiiil  aa  well  jw  luituxkl  x««efToin« 
M«  ACKKttnoF,  Di«  NuCruny  tier  Ttidtt  xuvi  UeoAtMr.  Qoadliubur^,  1 809. 

X  For  ncooimu  of  dunags  frani  tliB  bonting  of  reaeiroira,  ke«  TALLia, 
MemoiTc  BUT  hf  H(afn>cin  cT .AMtunUUion  <U»  CVtwiu^  Aniv^es  doa  PmiU  at 
C/uumim,  }tm.  ler  ifimoelre,  p.  201. 

The  dam  of  tlia  niMtrroir  of  Pnenteii  in  Spain,  whioh  waa  ono  faoiulral 
and  uxty  fpet  high,  tiftar  haiins  dinobaixed  it*  foooUons  for  dewa  J^Vt, 
bu  rac,  in  1809,  in  otnufrqnenoe  of  ft  defect  in  ft*  fonodfttimn*,  uid  the  ni  m^fcw 
of  tlte  water  deBtroyed  or  Mriou^ly  injured  eight  hundred  bouaes,  muA  pro- 
duced dftraM^  to  the  amount  of  tnoce  than  a  million  dollars. — AxMjUat^ 
Jrrtff^tiofn  du  Mi/UdtFKuropty  pp.  857-259. 
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siderable  measure  to  initiate,  the  erila  they  are  inteDdod  to 
guard  B^mst. 

Tbe  iast  argiin.ont  is  more  easily  reduced  to  a  numerical 
que«tiun  tiiaii  tlio  itdiere.  The  mean  and  oxlreiiie  aiuiiml  pre- 
cipitatioD  of  all  iho  baflins  where  tbe  oonetruetion  uf  stieh 
worka  would  be  fterioa^ly  proposed  is  already  approxitnntcly 
known  by  meteorological  tables,  and  the  quantity  uf  water, 
delivered  by  tbe  f^rcatc«t  floods  which  have  occurred  within 
tbe  memory  of  man.  may  be  roughly  estimated  fn.iin  their 
visible  traces.  From  thefio  olementa,  or  from  meteorologii-al 
records,  the  capacity  of  the  necessary  reservoirs  can  be  cal- 
culated. Let  us  take  the  case  of  the  Ardocbe.  In  tliu  inun- 
dation of  iSo7t  that  river  poured  into  Uic  lihoiio  1,305,000,000 
cubic  yards  of  water  in  tlireo  days.  If  we  siippoeo  that  half 
thig  quantity  might  have  been  siifFerod  to  flow  down  itA  chan- 
nel without  inconvenience,  we  shall  have  about  C&O,000,Ou0 
cubic  yards  to  provide  for  by  reservotra.  The  ArdocUe  and 
its  principal  alUuerit,  the  Cbadaezac,  have,  t(^ther,  about 
twelve  considerable  tributaries  rising  near  the  crest  of  the 
mountains  which  bound  the  basin.  If  reaorvoira  of  equal 
capacity  were  oonstrncted  n\vyn  all  of  them,  each  reeorvoir 
must  be  able  to  ooutain  54,i>J0,000  cubic  yards,  or,  in  other 
words,  must  be  equal  to  a  lake  3,000  yards  long,  1,000  yards 
wide,  and  13  yards  deeji,  and  besides,  in  nrdur  to  nmdcr  any 
effectual  ^rvice,  tlie  reservoire  niust  all  have  been  empty  at 
the  oouiraonccmcnt  of  the  rains  which  produced  the  inun* 
dation. 

Thus  far  1  have  supposed  the  swelling  of  the  waters  to  be 
uniform  throughout  the  whole  basin  ;  but  such  was  by  no 
means  tlie  iact  in  the  inundation  of  1^57,  fur  the  rise  of  the 
.Chaasczac,  which  is  as  lar^  as  the  Ardijclie  pro[ier,  did  not 
exceed  the  limits  of  ordiuan*  floods,  and  the  dangerous  excess 
came  Mlely  from  the  hcadn-utcrs  uf  the  latter  stream.  Henco 
reservoirs  of  double  the  capacity  I  have  snp[iosed  Wduld  have 
been  necessary  upon  the  tributaries  of  that  river,  to  prevent 
the  injurious  effects  of  the  inundation.     It  is  evident  that  the 
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constmction  of  reservoirs  of  Pimh  magnitude  for  snch  a  pur- 
pose is  financially,  if  not  physicftlly,  impracticable,  and  whca 
we  take  into  acw>nnt  a  point  I  have  juat  sup:ge»tod,  natnek, 
that  the  reeei-voirs  rami  be  empty  at  all  times  of  apprehended 
flood,  ami,  of  eonrse,  their  ntility  limited  almoiit  eulcly  to  the 
giugle  oliject  of  preventing  iniiiidationR,  the  total  inapplicabiUtr 
of  Buch  a  measure  in  this  particular  case  beoomeB  still  more 
glaringly  manifest. 

Another  not  lees  eonchi(«ive  fact  l«,  that  (he  valle^'A  of  all  the 
nplnnd  tribntarles  of  the  Arduchedesnend  so  rapiillr,  atiil  have 
BO  little  lateral  expansion,  as  to  render  the   coiititrui*tii>n  of 
capacious  reservoire  in  them  qnite  impracticable.     Indeed,  engi- 
neers have  found  but  two  points  in  Che  whole  l>iu>in  suitable  for 
that  purj>o«o,  and  the  roBfirvoirs  ftdmifisible  at  the»k>  would  have 
only  a  joint  capacity  of  about  70,000,000  cubic  yarda,  or  \tm 
than  one-nintli  part  of  what  I  suppose  to  be  poquiretl.     Tb« 
case  of  the  Ardcuhe  is  no  doubt  an  extreme  one,  both  in  lb«      i 
topnj^raphical   character  of  its  basin  and  in   its  ex{x:«ure  H^| 
exws!*ivv    ruins;     hnt   all    destrnctive   intindationa    arc,   iu  a" 
certain  Beni?e,  extreme  cases  aUo,  and  this  of    the   Ardccbe 
serves  to  show  that  the  oonetnictinii  of  reservoirs   is  not  hf 
any  means  to  be  regarded  a^  a   universal  panacen    againicj 
flfKida. 

Nor,  an   the  other  hatid^  is  tliis  measure  to  be  snniBMlJI] 
rejected.     Natnre  has  adopted  it  on  a  great  ecailc,  on 
flanks  of  the  Alps,  and  on  a  smaller,  on  those  of  the  Adim»-j 
daclcs  and  of  many  lower  chains.  The  quantity  of  WAtrr  which,^ 
in  ;;rpat   mine  or  sudden  thaws,  i-ushcs  di»wn  the  atecp  doclin-l 
ties  (if  the  Alps,  is  so  vast  tliat  the  dianncU  of   tho    !SwisBanl{ 
Italian  rivera  would  be  totally  ineompotent  to  carry  it  t«ff  at 
rapidly  as  it  woiiM  jioiir  into  rlicm,  were  it  not  nhsctrbej  by  tfct 
capaciona  basins  which  nRturc  lins  itcoopcd  out  for  its  receplioo, 
freed  from  tlie  transported  material  which  adds  itnntenseir  bolh 
to  the  volnma  and  to  tho  force  nf  its  current,  an*l  then,  aftfT' 
some  reduction  by  evaporation  and  inliltratiou,  grarluallv  di** 
charf^  into  the  beds  of  the  rivers.     In  the  inniidatioii  of' 
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the  water  dischai-ged  into  Lake  Como  from  the  15th  to  llie  2'irh 
of  September  amounted  to  3,C00  cubic  jardu  the  second,  while 
Hie  outflow  from  the  lake  dunnfj  the  Raiiie  period  was  only  at 
the  rate  of  about  1,050  cubic  ynrds  to  the  Becond.  In  tJuV!© 
five  «la)-a,  then,  the  lake  accniuulftteil  670,000,000  cubie  yapda 
of  Ru[icrfliiona  water,  and  of  course  diniinifihed  by  eo  raut-h  tho 
quantity  to  bo  disposed  of  by  the  Fo.*  In  tlio  ll-wd  of  t>ctol)er, 
1868,  the  surface  of  Lago  Ma^'ore  was  raised  twenty-five 
feet  above  low-water  mark  in  the  course  of  a  few  Iinurs-f 
Tlicrc  can  bo  no  (loubt  that  without  8uch  detention  of  wnixtt  by 
tlio  I^kea  Como,  Maggiore,  Ga.rda,  and  other  anbalpine  ba«ins, 
almost  tho  whole  of  IjOtiilmrdy  would  have  been  in-C'-overably 
deflated,  or  rather,  its  great  plain  would  nevor  hare  beeotno 
anything  but  a  \9st  expanse  of  river-beds  and  marshos;  for  tho 
nnuiwl  floods  would  always  have  prevented  tho  ptjssibility  of  its 
impmvemnnt  by  nian.J 

Tj»ke  IJoorget  in  Savoy,  once  much  more  extensive  than  it  ia 
at  present,  served,  and  indeed  still  serves,  a  similar  puri>oso  in 
the  economy  of  nature.  In  a  flood  of  the  Rhone,  in  l.S<>3,  this 
lake  received  from  the  overflow  of  tluit  rivor,  which  does  not 
pass  through  it,  72,000,000  cubic  ynrds  of  wiUer,  and  of  course 
moderated,  to  that  extent,  the  cfFccts  of  the  innndatioii  bcli)W.§ 

In  fact,  tho  alluvial  plains  which  bf»rder  tho  course  of  numt 
conridcrable  streams,  and  are  overflowed  in  their  inundations, 
cither  by  the  nse  of  the  \rater  to  a  higher  level  than  llmt  <if  their 
hanks,  or  by  the  hnrittng  of  (heir  dikes,  serve  as  sMfctyvalvia 
for  the  fttca|>o  of  their  sii[)erfln<)U!i  waters.  The  current  of  the 
Po.  spreading  over  tlio  whole  fepacc  between  iti  widely  sepa- 
rated embankments,  takes  up  so  much  wator  in  it^  iiiundatiottA, 
that,  while  a  little  below  tlio  ontlet  of  tho  Ticino  the  dincharga 


*  Baird  Smito.  JuiUan  Irrigation,  L.,  p^  170. 

f  UtiOiHiao  ddla  SoeietA  Oeog.  JlaUnmi,  iii„  p,  AM 

I  B«e,  ft*  to  the  ptobabU  «tfecU  oE  ocrtaia  I'ropcMnd  l^TdmiUc  wurlu  at  tba 
oadet  of  Lftk«  fthggioro  on  th«  ftotloa  of  tho  lake  *■  m  r«fiLl*tinB  r««crTL<ir, 
TAOUAsaocm,  Hfiatiait  ni  Caitatt  drB'  Jita  Lonidanl£f,  HtUoo,  Itm. 

i  EusBiB  BiOLiia,  La  Tern,  I.,  p.  400. 


496 


NATUXAL  ^xsiyrs  OF  Bxccmox. 


of  the  channel  is  sometimes  not  leas  tlian  19^00  cubic  jarda  to 
the  ficcond,  it  haa  uever  exceeded  6.730  yards  at  Ponte  LAgo- 
scnro,  neap  Ferrara.  The  curreutfl  of  the  Mifwamippi,  the 
Khone,  and  cf  many  other  lai^  rivers,  are  modified  In  the 
Mine  vTAy,  In  the  flood  of  ISSS,  tlte  dcliTerf  of  the  Mtaas- 
sippi,  a  little  below  tiic  montli  of  tlie  Ohio,  was  53,000  crobie 
yanls  to  tlie  E«cond,  but  at  Jiatun  liongc,  tbongh  of  oonree  in- 
creased by  the  waters  of  the  Arkanfas,  the  Vazxxn,  and  odier 
guialler  tributaries,  the  discharge  was  reduced  to  40,700  cabic 
yards.  We  rarely-  err  when  we  cautiously  iiuitate  thi."  pr^>c<g5C«a 
of  nature,  and  there  are  doubtless  mauy  ca>«es  where  artifieial 
basins  of  rec-option  and  lateral  cxpan^ioiu  of  rirer-beda  might 
be  employed  with  advantage.  Many  upland  streams  present 
points  wlterc  none  of  the  objections  usually  nrgcd  against  arti- 
fieiat  reservoirs,  except  thot*  of  cxjicnse  and  of  d&iiger  from 
the  breakiuj^  of  dams,  cuuld  ha%-e  any  appltiatiuu.  XStiser- 
Toire  may  bo  so  constructed  as  to  retain  the  entire  precipitation 
of  the  hcavieiit  thaws  and  rains,  leaving  only  the  ordinary  qnan- 
tity  to  flow  along  the  channel ;  they  utay  be  raised  to  ench  a 
heiglit  as  only  partially  to  obstruct  the  surface  drainage ;  or 
they  may  be  provided  witli  sluices  by  means  of  wliicb  tlteir 
whole  contents  can  be  dischat^^  in  the  dry  season  aiul  a  enm- 
mer  crop  be  grovni  upon  the  gronnd  tliey  cover  at  high  water. 
The  expediency  of  employing  thcra  and  the  mode  of  conatmc- 
lion  dcjicnd  I'n  local  eonditious,  and  no  rnlcs  of  universal  appU- 
cability  can  be  laid  down  on  the  subject.* 

It  is  remarkable  that  nations  wliich  wo,  in  the  inflated  pride 
of  onr  modem  civilization,  so  generally  regard  as  little  lt«i 
than  barbarian,  should  have  long  preceded  Clui&tian  Kiiro|Ms  in 
the  systetnatic  employment  uf  great  artificial  bantna  for  tbo 
various  purposes  tlioy  are  calculato<l  to  subserve.  The  ancient 
Peruvians  built  strong  walla,  of  excellent  workmansht|t,  acicv 


*  The  iomfficienc;  of  &rtJficia]  faiuitu  of  reception  ba  •  me&na  of  m\ 
Uu  cvik  rMaltiog  Ccom  Una  floods  of  gntt  riven  luu  bMo  ooiuilBsirel7  tihown. 
In  i«f(U«iice  to  m  roost  important  iLtrtionlnr  csmi — that  ol  the  mi—j.— ^pp^     ^ 
UumphrRji  and  Abbot,  ia  their  adioixabl*  nooognpli  of  Lbat  xinr. 
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f&b  channels  of  the  mountain  sources  of  important  Btreaois,  and 
the  Arnljs  executed  immenBC  works  of  similar  (lessription,  Imth 
in  tlio  great  Arabian  peninsula  and  in  all  the  provinces  of  Spain 
whidi  had  the  good  fortnno  to  fall  nndcr  their  sway.  The 
Spaniards  of  the  fifteenth  and  mxtoenth  ccntnricB,  who,  in  many 
points  of  true  civilization  and  culture,  \rcro  far  inferior  to  the 
races  they  subtlned,  wantonly  destroyed  tbeeo  noble  monnmeuts 
of  sot^in]  and  politiaU  wisdom,  or  suffered  them  to  poHsh,  be- 
CAiise  they  were  too  ignorant  to  appreciate  their  value,  or  too 
nii&kilful  aa  practicjil  engineers  to  be  able  lo  maintain  them^ 
and  some  of  their  most  important  tei-ritories  were  soon  reduced 
to  sterility  and  poverty  in  conscf^uenco. 

IHvfr«ion  of  BiverB. 

Another  method  of  preventing  or  dimini&liing  the  eriU  nf 
iniradatlon  by  torrents  and  mountain  rivera,  analogous  to  that 
employed  for  the  drainage  of  lakes,  consists  in  the  permanent 
or  occasional  diversion  of  their  surplus  waters,  or  of  tiicir  entire 
currents,  from  their  natural  conrse^,  by  tunnels  or  open  clian- 
nels  cut  tluvugh  their  banks.  Nature,  in  many  e-aees,  re&rtrts 
to  a  similar  process.  Mu«t  grcut  rivers  divide  themselves  inlo 
several  arms  in  their  lower  course,  and  enter  tlio  sea  by  differ- 
ent mouths.  There  are  also  cases  where  rivers  send  off  lateral 
branches  to  convey  a  part  of  their  waters  ijilo  tlio  channel  of 
other  streams.*  The  most  i-eniarkable  of  theso  Is  the  junctiun 
between  tlte  Amazon  and  the  Orinoco  by  the  natural  canal  of 
the  Cnssiquiarc  and  the  Kio  Negro.  In  India^  the  Cambodia 
and  the  Menam  are  connected  by  the  Anain ;  the  Salucn  aitd 
the  Irawaddi  by  the  Paulauu.    Tlierc  arc  similar  examples, 


*  Botne  g«>]^pluc(il  vnium  Rpplj  the  torra  A(|fbroaffini  exdTudvelf  to  thia 
intereomitiouliMtion  of  liren ;  otliern,  with  more  etj^mological  pm>net7,  bm 
It  to  exprOH  the  diviilon  of  groat  rivers  into  bnncbea  at  the  ImmI  of  thafa 
dollat.  A  t«ohnioa]  word  is  wftotingr  to  dofignate  the  jiheQomeQon  uKntioned 
in  the  text,  and  there  is  no  valid  objectJoa  to  the  uaploymuit  of  tho  ooatoiaf* 
oal  Xxim.  ttna*t€mo0b  for  thif  ptupose. 
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tliuiigti  on  a  Tiiiicli  smaller  scale,  in  Eumpe.    Tlie  Tomca  and 
Calix  rivers  in  Ijipliuid  caimnuiiieale  hy  llie  Tarandu,  and  in 
Westphalia,  the  Else,  nn  arm  of  the  Il&aj&e,  falle  into  the  Weser.* 

Tho  change  of  bed  in  rivei-a  by  gradual  erosion  of  their 
l>ai]l»  is  familiar  to  all,  but  iiistanccB  of  the  snddea  abaudoo* 
laeiit  of  a  primitive  channel  arc  by  no  means  \«Tmtiiig.  At  a 
pfriud  uf  uiikiiu\vii  aiitiipiity,  the  Ard^ulie  pierced  a  tunnel  200 
feet  wide  and  ICK)  high,  through  a  rock,  aiid  sent  it©  whole  cor- 
rent  through  it,  deserting  its  former  bed,  which  gradually  filled 
up,  though  its  conrsQ  remained  traceable.  In  the  great  inun- 
dation uf  1S27,  the  tunnel  pixived  insuBicient  for  Uie  discbai;ge 
of  the  water,  and  the  river  biu^t  thi-ough  the  obstructions  'wbich 
had  now  chukod  up  its  ancient  elianncl.  and  rcsuiiicd  itit  original 
courBe.t 

It  WAS  probably  such  facta  as  these  that  suggested  to  aticii 
eiiginuorti  the  poeaibility  of  like  artificial  operations,  and  there 
are  numerous  instaiicea  of  the  execution  u£  works  for  thia  pur^ 
pfise  in  very  remote  agea.  Tho  IJahr  Jiwef,  tho  jjreat  etreaai 
wliifh  supplies  llm  Fayouiri  witli  water  fr«>m  tho  Xile,  has  be«n 
supposed,  by  some  writers,  to  bo  a  natural  nhannol;  but  both  it 
and  the  Bahr  el  ^Vady  are  alnimt  certainly  artificial  canals  ooa»- 

*  The  diTision  of  the  caironts  ol  rivera,  an  a  meuw  of  prereotiitg  Um  tnn- 
flaw  or  thBir  baoka,  ie  by  no  means  a  remedy  oapable  of  geaerml  appU<ntim, 
even  when  local  roudiUotu  ftT«  fftvofftbjo  to  tlie  cooatrucCion  of  on  eatUmrj. 
Tba  Tolocitj  of  »  stre&m,  tmil  canseqneiitly  its  ilt  iivery  tn  •  givvin  liia«,  wc 
frequAnCly    dtniuiifihe<]  ia  ^ro|iortioa  to  Um  dirnmat)>.>u  of  th«   Toltuna  hf 
dJTcnuoci ;  nnd  on  the  otbet  bmid,  the  lucnaM  ot  rvluiac  by  the  ■dmbarioR  of 
a  new  tribntAiy  EncruaRrii  pmpoRicmnlly  the  valaeity  uid  the  loan titjr  «f  waHr 
deUventL     Btnisikri«a  may,  ii«vecthelea«^  often  be  uasfid  In  auryjnf  off  vsttr 
whlrh  htu  Blready  caettpral   from  the  dinnnol  imA  which  wouU   othcrviv) 
become  E>ta(^aiit  ami  |ireretit  furUiec  UtenU  diflcban^  from  the  ntoiii  cunvni, 
and  it  is  upon  this  principle  that  Humphmya  ami  Abtiot  think  a  r&aol  nf  <liT4t- 
tiiun  at  Lake  ProrideDW  might  be  adriaAkwe.     EtainariM  wrw  an  impctnat 
purpose  in  tbe  lower  coune  ot  rircn  where  the  had  ta  ncariy  a  dead  lenl  ml 
'he  wat«r  movca  from  previously  ae>qit'ni:I  inOiiieiit>iiii  and  the  proMnoB  of  tfaa 
ciin«tit  above,  rathei  thun  by  the  foro^  of  i^ritatioo,  onJ  It  U,  in  gnvit, 
only  ondct  suob  ctrouiujilaaoes,  aa  for  example  iu  the  ddtaa  at  thie  fn-nrthl  rf 
graab  liren,  that  nature  employe  thorn. 

(  MARUtoKT,  Mftnoire  tw  h*  TnandatioM  (to  tAHlcht,  p.  13, 
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Etmctcd  to  vruioT  that  basiu,  to  regulate  the  level  of  Lake 
Mticrifl,  and  ]Kj«8ibl}',  altto,  to  dioiiuibU  tho  duigon  rcatiltiiij^ 
frutii  oxccfiBivc  iiiuiidatiotiss  of  tlie  Kilu,  bv  serving  u»  waste-weird 
ti>  dibdiargc  a  jiarl  of  ite  «veril*»wing  watora.*  Several  of  tlio 
eevcn  aiicieiit  tiiuutlts  of  tlie  Nile  aru  livlicvcd  to  !«  artifieitil 
cliaiiiit-U,  aud  Uerodotua  evuu  asserts  that  Kiug  Alenee  diverted 
tho  etitiro  ouurse  of  that  river  from  tho  Libyan  to  tlio  Arabian 
eide  of  the  valley.  Tliere  are  traces  of  an  aneieiit  river  bed 
along  tlie  weatcru  )»onntaiu£,  wliich  give  eotne  countenance  to 
this  statement.  Cut  it  is  much  inure  probable  that  tlie  works 
of  Mmcs  were  designed  rather  to  prevent  a  natural,  than  to 
produtHi  an  artitirial,  change  in  the  channel  of  tlic  river. 

Two  of  tlie  >no6t  celebrated  cascades  in  Ktirope,  tluwe  of  llie 
Toverone  at  Tivoli  and  of  the  Velino  at  Ternij  owe.  if  not  their 
existence,  at  least  their  pOHition  and  character,  to  the  diversion 
of  tlieir  wature  from  tlteir  natural  beds  into  now  ehania-Is,  in 
order  to  obnato  tlie  evile  pr<.>duvod  by  their  frequent  flotxls. 
Remarkable  work«  of  tlie  «ime  sort  liave  been  executed  in 
SwitzerUuid,  in  verj'  recent  times.  Until  the  year  1714,  the 
Kander,  which  drains  ecveral  large  Alpine  valleys,  ran,  for  a 
cn[i£>iderablc  djt>tancc,  parallel  with  the  Lake  of  Thun,  and  a 
few  irules  below  the  city  of  that  name  emptied  into  the  river 
Aar.  It  frecjuently  flooded  the  flale  along  the  lower  part  of  its 
oonrse,  and  it  was  determined  to  divert  it  into  the  lAke  of  Thun. 
For  this  ])ur}K>se,  two  parallel  tunnels  were  cut  through  the  in- 
tervening rock,  and  tliu  river  turned  into  tlicni.  Tho  violence 
of  the  cnrrent  burst  up  the  roof  of  the  tnnnele,  and,  in  a  very 
short  time,  wore  tlio  new  cliannel  down  not  IcsB  than  one  hun< 
drod  foot,  and  even  deepened  the  f<»rmer  bed  at  least  fifty  feet, 
for  a  distance  of  two  or  tliree  miles  above  tho  tunnel.  Tho 
lake  WM  two  hundred  feet  deep  at  the  pouit  whore  tho  rivor 
wa«  condnctcd  Into  it,  biil.  tlio  gravel  and  fiand  carried  down  by 

*  Ttu*  Muting-poinU  of  these  uiaIs  wen  fu  up  the  Nile,  nod  of  oooTM  ftta 
QOt^wnittTelj  bi|^  level,  and  H  ta  probable  Hat  thej  reccirad  vaber  only 
daring  the  inundatioo.  LinAnt  Ba^  r-alcalnUs  the  oap«aity  of  laks  Hoerit  *l 
8.aM,fl87  Mbio  TMd*  and  the  water  reocind  bj  it  ai  hi^  Nik  at  4M  caUo 
jmrds  the  Moood. 
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ecquently,  the  water  of  its  floods,  which    would     ofhe 
spread  over  a  wide  surface,  is  confined  within  narrow  limits, 
the  velocity  of  the  current  and  \t»  traiisjxnliiig  po\rer  *ro  mng- 
mcntcd,  and  ite  burden  of  sniid  and  gravel  is  do|Xi6ited  at  somo 
lower  pobit,  where  the  rapidity  of  its  flow  is  checked  1»t  a  dam 
or  other  artificial  obatriic-tion,  by  a  diniintition  in  the  inclina- 
tion of  the  bed,  by  a  wider  chaiiuvl,  or  fiimUy  by  a  lacustrine  or 
marine  basin  which  reoeivea  its  watere.    "WTiererer  it  leta  fall 
golid  material,  its  climmel  h  raiaed  in  consequence,  and  tlie  de~S 
clivity  of  the  whole  liod  between  the  head  of  the  ctnlmukmeut  ^ 
and  the  elack  of  the  stream  is  redaced.    Ueiico  the  eorrent,  it 
fii-st  accelerated  by  confinement,  is  Rfter\v8rd8  cliccked  hy  th* 
mechanical   resistanee  of  tlie   inatter  dejMwitcJ,    and   by  lh*| 
diminished  incliniitiou  of  it«  channel,  and  then  bo^ns  n^ain  to 
let  fall  the  earth  it  hulds  in  sns]>etipion,  and  to  raiso  its  bed  at 
the  point  where  ira  overflow  had  been  before  prevented  by  em-^ 
"baiikment.*     The  Kinik  must  now  be  raised  in  proportiun,  a"<ifl 

*  lu  profKirdoii  m  tba  dikei  •»  improved,  ucd  btCM^e*  mm3  the  mmfn  li 
tbewmtBrthroofrbtihoiaiiralaubeqaBnt,  tb«  height  uf  tUe  anwwui  iuiudatieei 
i>  tnore&aed.  Soaio  totfiu  od  the  tuukB  uf  Uie  Po,  tud  of  cautaa  witiiia  &t 
ajaiem  ot  panllcl  onibankmcDte,  wflie  forinctly  a»cure  from  0oodt  hj  tit^  b«i^l 
of  tbe  AiUflcul  moaads  on  which  thtty  were  built ;  but  they  h&vo  <voe&ily 
ob]i][ed  to  oonstniot  riD^dikoa  for  tbcli  prDteotioD. 

iKtmbuxlini  lays  down  the  foUowinj;  grcDotai  ituteueat  of  the  effects  ot  ttitC 
crabankmenta : 

''  Tho  itomediato  effect  of  otubfiixidiis  ft  rivei  ia  ffcncially  ou  innrnatw  In  iJ» 
hoigbt  ot  it§  Qooda,  but,  nt  tbc  siinio  tiino,  adetirewian  of  ilabod,  lij  iiiMnn  1/ 
the  iDcreAKd  force,  aad  ooiuoqacDtly  oxcavattDf:  action,  of  the  cam-iit^ 

"  It  is  tfos  that  fM>ara(ir  nBUmol  may  bunco  bo  «UTi«l  furttier,  aad  •!  iW 
KiXDt  time  dopocic  it«clf  on  b  to(Iu<>od  >Jopc. 

"  Tho  enibuikiaBDt  of  tb«  ai>por  bmnuhBa  of  a  river  inorBme»  Uie  ToIsiBe. 
nnd  therefoto  tho  hdght  ot  the  Hooda  in  tbc  lower  oonrae,  in  otMueqaeDoe  of 
the  mure  rapid  disohaigo  of  ltd  kBIncntH  luto  iU 

''U'h'iin,  (s  eowo'iaeBce  of  tho  flow  of  n  rirer  ch&tuiel  tbroaf^h  mn  alia 
auW  not  jot  T^jfutatedy  or,  iii  othar  words,  wbiub  hiwt  uot  Bci|aired  ite  ■^■f'J 
ioclinAtion,  th«  ormnc  of  ihfi  rirer  bus  not  bocome  owliUilubed,  it  is 
that  iU  boil  iibou]d  licto  tavn  rapidly  nitor  it«  ombuiIciDDnL 

"The  embankment  of  tho  lower  coarM  of  a  river,  near  itadiaohaiveiBtotk 
*ee,  caoMa  tho  olovnLion  of  the  bod  of  the  iiuxt  rcuob  above,  boUk  hrmi^a  ifct 
eweUing  of  the  ourieut,  ia  ooueqaeuoo  of  ita  lateral  conflaAtae&ii^ 


I 

Eof 

4 


jatnANRMKNTS. 


603 


tlieae  proceuea  would  bo  repeated  and  repeated  indofinitely, 
had  not  nature  provided  a  reiiicdv  in  floods,  which  sweep  out 
nctMit  deposits,  hitret  (lie  iMtiidn  of  the  river  and  ororwhchn  the 
adjacent  countiy  witli  final  de«o]ation,  or  divert  tlio  current  into 
a  new  channel,  destined  tu  liecoiue,  in  iU  tuni,  the  eccno  of  a 
Bimilar  Btm^lo  between  man  and  the  watun.* 

Diit  here,  as  in  au  tnanv  other  fields  whore  uatui-e  is  bronght 
into  conflict  with  man,  site  first  reniHtri  Ihh  atttunpfs  at  inter* 
ferenca  witli  her  oponitioiis,  tlion,  finding  hini  the  str*iuger, 
quietly  submits  to  his  rale,  and  end&  by  ountriliuting  her  aid  to 
etrengthcn  the  walU  and  fihackles  by  which  he  emays  to  confine 
tier.  If,  by  assiduous  repair  of  his  dikes,  he,  for  a  considcrablo 
time,  restrains  the  floods  of  a  river  within  new  bounds,  na- 
ture, by  a  scries  of  infjenioufl  conip»*nBali(tnH,  biiu^  tlir-  tinc- 
tnatiiig  bed  of  the  stream  to  a  substantially  ooikstanl  level,  and 

«ddiaH,  and  of  coune  dtponls,  and  bscsiiM  Ui*  pnlmgaUoD  of  Cm  oouiau  of 
thettnatn,  or  the  bdntaee  of  Ic*  delta  Into  tluHS,  ls»ooel«nt«d." — Deitongi' 
aiHfiHti  tia  toffffiacftta  ritntulica  amditime  dtl  i^,  vLo.,  pp.  41,  43. 

Del  Sooe  it»t«s  that  in  titt  lor«IUa^  for  the  propoaed  I.«apotdft  r&ltwny,  h* 
found  that  Ui«  bod  of  Ibe  &l«u«  tuid  b«ea  penosneiitly  derated  two  yncdit  b«- 
bweeo  17tM  and  IHM,  and  that  of  the  Fomo  dJ  San  Gottdenxio  mora  than  & 
yuilMid  ahidf  bclweim  naSaod  tt^.  Tbea«,  indmd,  aro  not  riven  of  tho 
rank  of  tbo  Po ;  bnt  nfiither  are  thoj  what  are  teohiuoally  oallod  tommle  or 
uioimtaia  Ktr«iuu)t.  wIiom  flow  U  ool/  an  oocaxionAt  «fl«ci  of  b«av7  rains  or 
melting  snow.  —  TVof Culo iM&i  Jf<«uUrf  c  f\/raUdi  Totoimty  Finoxs,  ItSi}?,  p. 
£». 

*  Tba  Nnang-ho  has  n>iK:itedI>-  bnrat  Ua  dlkas  and  cdtangvd  the  ohaaoel  ot 
ita  lowvT  «>urH«,  «om«tii)iea  d«livrHu3'  it«  waten  teM  the  tea  to  tho  north, 
auiootiinca  to  the  Houth  of  thopcnhisala  of  Obaa-totiip,  thus  rai7io{^  its  point  of 
dIaobaTjEo  bj  a  dixtauM  of  930  laDoa.— EUBtK  ItKCLII*,  /yi  Ttrn,  t.  i,  p.  477. 

8oe  intanBttng  notloea  of  the  lower  oootu  of  the  Noancr-ho  in  Jlr'utur*,  Nor, 
t9.  I88B. 

The  CmiaeBt  duuga  of  cbannol  Had  mouth  in  Uie  doltaa  of  gnat  riven  are 
by  no  nuNitui  alwnjv  an  elTeot  of  diking'.  ThQ  m«ra  aocamal&tion  of  dopoiita 
in  the  bed*  of  riven  which  transport  much  eMlimcot  oompcU  them  oaattnuaOj 
to  »««][  naw  ootleto,  and  it  ia  only  hr  great  aSort  that  art  can  ke^thvirpobiU 
of  diaahai|«  appnudmatel;  oooatant.  The  oomman  delta  of  the  Oangea  and 
the  Urnhnapootra  ii  In  a  «ta(e  of  inooarant  cban^o,  and  tha  tottar  rirar  ia  mid 
tohnve  iihlft«d  Ha  main  "*»*"'*«>  SOOuilea  to  the  waetitaoe  1783,  tUe  i«Tohi> 
lion  hario;  been  prioHpAllT  aooompUehed  between  It^lO  and  1880. 
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wheu  Ills  ramparta  bave  l^ecn,  by  liis  toil,  raised  to  a  certain 
hiiiglit  unci  wiJeiiDLl  to  a  certain  tlilcknesa,  sho,  by  }ier  laws  of 
gravitation  aiid  eoliofiiou,  cousuliilatc-fl  thoii-  material  until  it  be- 
ooinee  almtiet  as  hard,  as  indissoluble,  and  as  imporvloua  a£  the 
rt»ck. 

But,  tltougli  man  may  prcjja  the  forcca  of  nature  into  tus 
service,  there  la  a  limit  to  tlio  extent  of  his  dominion  orer 
them,  and  itnloss  future  gonoratiuus  cihall  digeover  new  modcc 
of  controlling  tlioso  forces,  or  new  remedies  against  their 
action,  he  mnst  at  last  succumb  in  the  struggle.  Whnn  the 
inai-inc  cetuaiics aud  otlicr  basina  of  reception  dxall  be  filled  up 
wit-h  Uie  eedimentaiy  debrie  of  tlie  muuntains,  or  wlicn  the 
lower  course  of  the  rivers  shall  be  miged  orprolongixl  hy  iheir 
ovai  deposits  nntil  they  have,  no  longer,  such  a  descent  that 
gravitation  and  the  momentum  of  tlie  current  can  ovoruome 
tlie  frictional  resistaiiec  of  the  bed  and  banks,  the  ■water  will, 
in  spite  of  all  obstacles,  diffuse  itself  laterally  ami  for  a  time 
i-aJRe  the  love!  of  the  champaign  land  upon  its  borJcrs,  and  at 
last  convert  it  into  moi-asses.  It  is  for  this  reason  tliat  Lombar- 
dini  advises  that  a  considerable  space  along  tlie  lower  conree  of 
rivera  be  loft  undikcd,  and  tliu  water  allowed  to  spread  itself 
over  its  boiJts  and  gradually  i-aiso  them  by  its  doix*its.* 
Tliia  would,  indeed,  bo  a  palliative,  but  only  a  palliative.  For 
tlio  present,  however,  we  have  nothing  better,  and  berc,  aa 
often  in  political  ecionomy,  we  must  content  oursc-lvo*  isith 
"apri^snous  le  deluge,"  allowing  pf>aterity  to  suffer  tJie  pcualtj 
of  our  improvidence  and  our  igiioruuec,  or  to  devise  means  for 
itself  to  ward  off  tho  conswjimneos  of  them. 

The  deposit  of  Mime  by  rivers  npon  tlic  flats  aluiig  tbdr 
banks  not  only  contributes  greatly  to  the  fertility  of  tlie  mM 
thus  flowed,  but  it  subserves  a  still  more  im]M>rti»nt  piirpo<M)  in 
the  general  ecjjnomy  of  nature.  AH  running  streams  bwhi 
with  excavating  channels  for  dieiosclves,  or  deopcniog  the 

*  Thfg  method  bu  be«a  adopted  co  the  lower  ooano  of  the  t.ainon«,  ud  ■ 
coumiIquUo  utent  of  low  f^rouni)  aiijaotmt  to  that  tlrer  has  be«a  raiaed  Is 

spontAoeoiu  depoait  to  asufllcicat  heitftt  to  admit  of  proStabls  cohdTfttioB. 
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sattiml  depresstojia  iu  wlncli  ihay  tiuw  ;*  bat  in  pro{K)rttuii  as 
tlic-ir  oHtleta  are  raijsed  by  the  solid  raatorial  ti-ansported  I*}" 
thuir  currcoU,  Uicir  velocity  is  djiiiiiji»licd,  tlicy  dcp<«it  ^ravol 
aiid  Hiud  at  coiistuntly  liiglicr  aiid  higher  puinls,  aiid  r>  at  liut 
ek'vale,  iu  tlio  middlo  and  luwer  part  of  their  w»unK!,  th«  lieds 
tiioy  had  previously  Kcooped  ouUf     The  mi&iDg  of  the  uhaiincU 

*  I  da  Bot  mean  to  ap  febat  all  riven  ntoamta  ftbsir  <nm  vaUeya,  for  I 
liave  DO  doobt  that  in  tho  mftj«iit7  of  easca  flooh  d«prtMk»a  of  the  aatfaoft 
<iriginaU)  In  highcor  geoln|fioiU  otLosaa,  saiix  aa  Uu  Aanuet  aikI  other  im:^* 
UfitiM  of  nirface  which  could  not  fait  to  uoompiuty  apbaaval,  and  hSDoa  Um 
vaUcy  makvs  ttus  river,  not  tbe  dTor  ttie  Tul]«]r.  Bat  orta  If  we  wippooe  a 
IkuUi  of  Um  hanlest  rook  to  be  cU'vaMd  at  oaoe,  ootnplotelf  formed,  from 
tbu  aubinariiM  abfB  wbtirc  11  wm  faahJouwl,  tba  first  ahawor  of  nun  tbat 
folia  upon  H,  aftor  it  rlan  to  the  air,  will  Hischoi^gi:  it«  water*  along  the 
lowut  liaM  of  the  rarfaoe,  and  out  thofto  linen  de«por,  and  ao  on  with  eveiy 
■BCMMalTO  rain.  Tho  dUnlcfcraiod  ndk  from  the  upper  part  of  the  hula 
tonaa  tba  lunret  by  allaTio)  Oepokit,  wliich  U  ooiuita&tly  tnuuportAd  brUur 
and  fhrlbar  ootQ  the  reaiotasoe  of  gr&ritation  ud  cohMian  balanoM  tli« 
mcchaulcal  foruo  of  ttia  numiag  water,  Tbua  plaina,  mora  or  Iom  flt««pljr 
inc1in<-i1,  are  formed,  In  which  the  rtver  laconatAotlj  ohuightg  It*  b«<I,  aoc^rd- 
lug  to  the  perpetualtf  Talking  focoa  and  direction  of  Ita  curmitJi.  mudified 
a*  the/  are  hy  evcr-llnctnatiDg  eoodltdu&fl.  Thoa  the  Po  b  aaid  to  hiive  lot^ 
tadiaed  to  more  its  otuumol  aoathwanb,  at  cMirtaiii  points,  in  CDiuequeDOo 
^  the  mechanical  force  of  ita  northerr.  atllncnta.  A  divcnlon  of  thoea  trih- 
atorioa  bom  tboJr  praaat  bode,  ao  thai  the/  should  euter  tbe  main  Etream  at 
otlier  pointa  and  In  different  dtrcctiona,  might  modtfjr  the  whole  coune  of  that 
fieat  river.  But  the  racchanioul  foixn  nf  the  tribator;  lit  not  the  only  clomwit 
of  it*  lodoenoe  oo  the  oonraeof  the  pruocipol  atreonL  Tbad«-po»iu  It  iodgoa 
lotbc  bed  of  tbe  latter,  BctiagaanauiUolMUiutJoanar  eaunaof  divcnioci,  ojre 
soCloM  importaBi  agent*  of  cdiaoge, 

f  The  dlatuuw  to  wbuib  a  now  obatratiion  to  tbe  How  of  m  iiTer,  wbatbac 
bj  a  dam  or  hj  a  clcpoilt  Iu  lie  channel,  will  retard  ita  camnt,  or,  in  popalar 
phraao.  *'  act  hack  the  water,"  bi  a  problem  of  more  difficult  praetlral  solutioa 
than  almost  any  other  in  h^draatici.  Tho  elemeota— aocb  aa  utraightnaea  or 
eroofcedacM  of  chuinel,  character  of  bottom  and  hoaka,  volome  and  prarioni 
Tctuol/  of  corroot,  maa  oC  water  for  abore  tbe  obatniotiuu,  exireonliuary 
drought  or  bnmiditj  of  teaaona,  relative  cslont  to  which  the  river  may  bo 
affvcted  bj  the  pndpttoUoo  In  ita  own  baaio,  and  bjr  supfiliot  r«<s.-ivod 
through  rabternineaB . charmda  from  BOnraea  bo  dUtaut  ae  la  bo  es|unoi]  to 
TOty  diffaiaot  motoonilagiaal  iaflaeooce,  effeota  of  oleartnc  and  other  im- 
proreneata  alwi^  gotng  oa  In  new  cniintrlea— are  all  extremsl;  difficult,  and 
aomo  of  tbena  Impontbla,  to  be  known  and  meatored.  In  tbo  Amerloon 
States,  Yor;  naiaarooe  water-milla  bavu  b»oa  ereotod  within  a  few  yeort,  aod 
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iB  compeusatod  in  part  by  tko  simultaneous  elevation  of  their 
bauks  and  the  flatd  ailjoining  them,  from  the  depuett  of  Ox 
finer  jmrtielcs  of  earth  and  ve^tablo  mould  bivinght  do«m 
from  the  mountains,  without  which  elevation  the  low  ^^ondi 
bordering  all  rivers  would  be,  as  in  many  cases  thcj  in  fact 
are,  mere  Tuorasees. 

All  urraiigemeuts  which  tend  to  obstruct  this  procew  of 
raising  t!io  flats  adjacent  to  the  channel,  whether  ooiislBiiiig  in 
dikes  which  confine  the  waters,  and,  at  the  same  time,  angnimt 
the  velocity  of  the  current,  or  in  otlicr  means  of  producing  the 
last-mentioned  effect,  interfoi'c  with  the  rostorativo  economy  of 
nature,  »ik1  »f  Ijifttrtc^Aiiinn  the  formation  of  marHhett  where,  if 
left  to  herself,  sho  might  have  accunmlate<l  iuexhaiistiblo  stares 
of  the  ricliest  soil,  and  spi-ead  them  out  in  plains  above  the  t«acli 
of  ordinary  floyU*.* 

Dikes,  which,  as  wo  have  seen,  are  the  means  moat  frequently 
employed  to  prevent  damage  by  inundation,  aro  genoralh 
parallel  to  each  otiicrand  separated  by  a  distance  not  verv  mncb 
greater  tlian  the  natural  width  of  the  bed.f     If  snch  walls  are 

tbtte  ti  scarcct;  a  Btnam  is  the  sottltwl  portion  at  Uio  txnuttry  wbieh  ha*  bM 
BCrcr»l  ittUI-damfl  ii|>on  it.     ^'1i«ii  A  dam  ia  rnised — k  prooeaa  which  tb«  foi- 

ofll  tliminDtioD  of  the  Hnrnmcr  camnta  randera  freqaentlj  nnrnmij   tt 

wh«ii  s  Dew  <^Mu  ia  bniH.  it  oft«Q  bfippeas  that  tlie  meadows  nboTc  mxK  dow»!. 
or  that  tho  ivtardutian  of  tho  stroitm  extends  bxik  to  tbc  d&m  n^xt  »ba*m. 
Tbia  letutji  to  fr«qu«ut  Uw-nut«.  From  the  great  onoert&mtj-  of  the  tMW, 
tbs  testimtnij  is  more  ooaflicUni;  in  those  than  In  any  other  ela^B  of  mtu, 
and  the  obstinacy  with  which  "vat«r  causes"  ore  dispated  hms  heeoaa 
prorerTiUt. 

*  Th«  Bi>d{mont  of  the  Po  haa  filtod  np  somo  lagooQB  and  vwarapa  m  Im 
delta,  and  coaTOitod  them  into  cumpor&tivcljr  dry  land  ;  tint,  on  th«  othn 
hBDil,  th't  r'^titnlation  of  the  ODTmnt  from  the  lengthetuog  of  its  ooane  asd 
thd  diminutlOQ  of  its  vcluvily  hj  the  dvpoeits  at  IIh  mouUt,  hAv«  foiocd  fU 
wittaiB  at  aoma  higher  points  to  Hprcad   In  spite  of  eRibanhmcnts,   and  tlt» 

f«itile  flelda  have  been  turned  into  nnhealthf  and  anprodaotiv«  marsbea. 

Bee  Bdrrrcit,  fiuIUt  arnidaitme  del  Terreni  Marrnnnam  ntt  Ferrartae,  .-Imad 
(ft  At^rie/Jtura,  etc.,  Foao.  r,.  1868. 

f  In  the  cnse  of  rivers  Howing  throoelt  wide  altnTlaJ  pliUna  and  umA  b- 
oUued  to  shift  their  beds,  like  the  To,  the  eubianJcmenta  oft«a  l«ftT«  a  tot 
nide  cpncn  botveen  them.  The  dikes  of  the  Po  are  BOtnetiiDQa  thi«e  or  foot 
inilca  apitrt. 
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lilgli  onong'h  to  oonfiTie  tlio  water  And  Atrnii»  eiratigb  to  reebt 
its  pressure,  they  scewe  the  lands  behind  tlicm  from  all  the 
evils  of  HiiiiidHtion  except  thoeo  ruetiltinv  from  filtration;  but 
eueh  mnipurt*  nro  eiionnoiislj  coellv  in  original  conBtroction 
and  in  maintenance,  and,  ns  has  l>een  alroady  shown,  the  filling 
up  of  the  !>ed  of  tlie  river  in  its  lower  (ronrw,  by  wind  and 
gravel,  often  involves  the  necessity  of  incurring  new  oxpoudi- 
turcfi  in   increasing  tho  height  of   tho  banks.*    They  are 

*  It  appcan  from  the  inTosti^tioiu  of  LombnnlinJ  that  Uie  nte  of  eloTS- 
tioa  of  the  bed  of  the  Po  bu  been  mocb  exa(K«rftt<»d  hj  earlier  vrrlters,  and 
In  Mme  fMUt*  of  ttn  coune  the  obMagn  U  bo  bIow  that  Ita  level  maj  be  r«* 
BUd«d  M  neuiy  eomUnt  Obeemtloo  bu  estabUebed  a  abnOar  oonstancr 
In  the  b«d  of  Iba  Bkooe  and  of  luanjr  oUier  important  riven,  whQo,  on  the 
other  hand,  tb*  b«di  of  the  Adlfe  and  the  Breata.  stTeami  of  a  man  tomn- 
tinl  diarootor,  are  mimid  oonaidetably  above  the  level  of  the  adjaoeat  flelda. 

The  length  of  the  loireT  coane  of  the  To  having^  been  coniiderabLr  In* 
ereased  by  the  BUiiii;  uji  of  tho  Adriatic  with  ibi  deposit*,  the  relodtr  of  the 
corrent  oi^fbt,  primn  fiuit,  to  huve  be<-n  diiolnUhed  aiid  Ita  bed  mtiied  tn 
IMOpnrtian.  There  arc  ebiindnnt  sroiin<l4  for  bnlWring  that  tliia  ha«  hap- 
pened (n  the  cftM  of  the  Kfle.  and  one  rcuon  wh^  the  uinc  effect  has  not 
bei-n  uiore  wnuibljr  perceptible  in  the  Po  U,  thet  the  oouflnomeiit  of  the 
oaiTc&t  bjr  contfamons  embankmeDta  give*  k  a  high-water  nlodt^  mflotenl 
to  sweep  out  depoeito  lot  MI  at  lower  atai^eB  and  slower  movernenta  of  the 
wnt«r.  Torrential  atreanis  t«iid  to  excavate  or  to  raise  tfafir  b«<l8  according 
to  the  Inclination,  and  to  tho  duraetcr  of  the  material  Ifarj  tianrport. 
Vo  general  law  on  tM«  point  con  be  laid  down  in  relation  to  the  middle  and 
lower  ooarsce  of  rireia.  The  oonditjatia  which  detennlno  the  qncetiuD  of  the 
depmaioQ  or  elevatioi)  of  a  rirer-bed  are  too  mtiltif ariose,  TarinUv,  and 
complex,  to  bo  imbjcetod  to  farmnhn,  and  tfac^  out  aoarcelr  eTcn  be  eno- 
menilcd. 

The  foUmrlng  obaerratJon,  however,  thongh  apparent]/  too  nnoanditionally 
■tat«d,  b  too  inportant  to  b«  omitted. 

Riven  which  tanaport  land,  grarel,  pebhice,  beary  mlncre]  nuUt«r  In  nherti 
tend  to  raise  their  own  bed*  ;  thomi  charged  oolf  with  fine,  light  earth,  to  oat 
thou  dcviier.  The  pralrio  riven  of  tho  wextcm  Unitnl  States  bava  deep 
dionneU,  bcoaoae  the  mineral  matt'^r  th^y  cany  doirn  \»  iwt  hcftTjr  enoogh 
to  mjat  tbo  impulse  of  orea  a  mo>l«mte  current,  ukI  thwc  IHlintaHot  of 
the  Po  which  dp|ioiitt  their  (cdiraent  In  th<^  lalcee— the  Tidno,  the  Adda,  tha 
Oglio,  and  tbo  Mincio — flow  fn  deep  cuta,  tor  the  same  reaaon. — BAtniaaa- 
TK5.  p.  139. 

In  rTxanI  to  the  level  of  the  b«d  of  (he  Po,  there  b  another  weighty  con- 
■Idcration  which  does  not  Mem  to  bave  received  the  attentloa  It  deaervea.      I 
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attcuded,  too,  with  Eomc  coUflterol  disadvantages.  They  deprira 
the  earth  of  tlio  ievtilizing  dopusita  of  the  n'aters^  which  &re 
powerful  uatiiml  retitorntivcs  of  soitt4  exhausted  by  caltivation; 
tUe^'  accelerate  the  rapidity  aud  tnuispurtiiig  power  of  ihc  cur- 
rent at  hi^h  water  bjr  eoiitimug  it  to  a  uarrowor  cUaancl,  aud  it 
eonbi;i|u«iiily  couve^Tj  to  the  sea  the  earthy  matter  it  holds  in 
BU&p&nsion,  and  chokes  up  harhora  with  a  doput^it  whieli  it 
would  othcrwige  have  spread  over  a  wider  surface ;  they  in- 
terfere witli  ruadg  and  the  convonient*  of  river  navigation,  aud 
£0  aiuouut  of  cost  or  care  eau  secure  them  from  occasional 
rupture,  in  case  of  which  the  rtisli  of  the  waters  tUrough  the 
hrcAL-li  is  more  destructive  thtui  the  natural  flow  of  tho  highest 
iuundatiou.* 

For  tliefte  reaivone,  many  experienced  engineers  are  of  opinion 

lefcr  to  tbu  eocnlmr  dcjirassiuu  of  lliu  wvflLcm  ooait  of  Uio  Ailriatlo,  wKtdb  It 
computed  at  ttio  rate  oi  fifteen  or  twenty  ccntimdtroa  In  a  ccntory,  and  whidi 
of  couriiD  iiior<c«EG»  tku  iniJiiuiUuu  of  tJici  bod,  mid  tUe  volugatjr  aad  6nii*- 
porting  power  of  the  oorniDt  of  ibc  Po,  unkttvsa  iwumo  that  tba  «kot» 
oootw  of  tbo  rivor,  from  the  wa  to  it«  eourMw,  shaovs  iu  the  (Icprv-.Mion.  Of 
this  atflumptiou  there  is  no  |>niiof,  and  tba  ptoljftbilitj  ia  to  tbe  conttst}-. 
For  tb£  ovidaioc,  though  notconoluiilvo,  pexbapB,  tenda  to  ahow  ma  ^Wt*- 
tiou  of  lh«  TuK^uQ  coast,  and  mrcn  oltbe  Liguzianahoroatpointdyttig  fonLsr 
wetkt  Uum  the  noutocs  of  tho  Po.  Thu  level  of  certain  pans  of  the  l(««l  el 
the  river  referred  to  by  Lombnrdiui  u  oonitont,  U  not  Lhelr  elcvatiou  As  eom- 
pQiml  with  pcilnta  nearer  tbe  sco,  bot  nl&tivd}'  to  Oxv  Adjuccmt  pitutu,  uji 
theru  u  every  reason  to  believo  th&t  tbe  dcprcMJos  of  the  Ailriatio  oout. 
vbcUior,  M  i»  oouoeivaUe,  oooa^oned  hy  tbu  mon  wvight  of  tho  llavlalik 
deponUe  or  by  mors  f^nend  ^oIokioU  caubva,  hss  inrr>^at»cd  the  sl»pe  of  tk« 
bed  of  the  rivar  betwebu  the  poIoU  io  questioo  and  tbo  w%  la  this  in*t«ikea, 
thou,  the  rclad-ve  perauu«Qcy  of  the  rircr  level  U  cecteio  potnfai  ninj  Im.  not 
thu  unliiuirj-  cam  of  «  natural  e^iuUibrium,  bot  tbs  n^ativo  effect  i>f  an  in- 
orcaecd  velocftjr  of  carrcnt  vhicb  prevents  dcpoidti  whcra  thvy  WuulU  ocbe- 
vin  have  bapponud. 

*  To  necore  the  city  of  Socrami'iito.  in  California,  from  tho  mainlntioiu  to 
wbioh  tc  is  Bulijcct.  a  dike  or  lur*'D  n'liH  built  uikju  the  bonk  of  tho  river  •jirl 
xneed  to  na  elcTsUoa  above  that  of  the  hi^hut  known  Qooda,  ami  it  rw 
oonneowd,  b«!]avr  the  town,  u-iih  grouDda  lyiag  oonndombly  abovu  tl)«  rivet 
Oil  one  oceuiou  a  brva^b  in  the  dike  occnri'cd  above  tha  town  at  a  wty  h^ 
atAgB  of  the  6ood.  The  wnU;r  i>oured  in  behind  it,  and  overflowed  tJte  lowvT 
{>ut  of  anfs  citjr,  vrhicli  remained  ^ubmcr^d  for  some  time  after  the  rivcx  bod 
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that  the  PTstem  of  longitndinal  dik«  ia  fiindamcntallv  wTong, 
and  it  hiia  \wcn  arg^tied  that  if  the  Po,  tho  Adigc,  and  tlic  Breu- 
ta  had  been  left  iinoonfined,  as  the  Nile  formerly  was,  and 
allrtwed  to  spread  thoir  mnddy  watora  at  will,  accordiup  to  the 
laws  of  nature,  tho  sodiniout  tlu-y  ha.vo  carried  t<i  llm  coast 
ironld  have  been  chiefly  distributed  ovor  tho  plains  of  Lombar- 
dj.  Their  banks,  it  is  supposed,  wonid  have  nsen  as  fast  as 
tlioir  beds,  the  coast-Iiue  would  nut  liave  been  extended  sd  far 
into  the  Adriatic,  and,  the  current  of  tho  strennis  Iieinp  conse- 
qnently  shorter,  the  inclination  of  theirchannel  and  the  rapidity 
of  their  flow  wonId  not  have  been  so  greatly  diminished.     Had 

Mdred  to  Ub  onliniu7  lenl,  becMiM  thadlko,  whkb  hmi  bMO  built  to  keep 
Uie  wmtor  fut^  now  kept  It  in. 

Aooording  ^  Arthar  Toong,  on  th<  Ic^ror  Po.  when  the  soifaoo  of  ib« 
rlTor  at  high  water  Itae  beetn  elovnicd  oousiilpnkhljr  abore  the  lerol  of  the  td- 
jnoent  Belds  by  diking,  tlifl  peanata  hi  hia  time  frMinentlj  endaavorwl  to  Mctin 
tb«ii  (rroDuiB  ■gftuut  Uiz«at«n0d  derasUtiaa  throogb  tbe  bomtiag  of  tbs 
dikci,  by  noning  Uu  rivar  when  th>a  doager  booame  imtDinent  and  opiadag 
a  oat  ia  tb»  oppo«it«  baulc,  thus  saving  tlidr  own  property'bj  Ooodiug  tbctt 
ocIghbOT**.  Uc  adds,  tliat  at  >iiRb  wat«T  tbo  naTigntiMi of  tlie  rJrcr  wna  abao- 
lutaly  interdictad,  axovpt  to  mail  and  )MmeDg«t  boala,  and  iimt  tho  guarla 
Sued  upon  all  oUiefa ;  the  object  of  tho  prohiblcion  bciiig  to  prorent  tb« 
peanata  from  tcaoitiag  to  thia  meuon  ni  acU-ilcfaooe. — ThtetU  in  Ilolg 
and  ^itk,  Nov.  7,  1780. 

In  a  flood  of  tba  Po  Id  1839,  a  bveaicb  of  the  embankment  took  plaoo  at 
Bontno.  The  irater  poured  thnmgfa  and  tnnndat«d  119.001)  acrca,  or  191 
aqaara  nnoa,  of  tlie  ])laln  to  the  depth  of  from  twunty  to  tirenty-tlinifl  hvt,  ia 
the  lower  parta.  The  [uuiwUtion  of  Mnj-,  1919,  a  great breaoh  oootUTed  (ntba 
dike  n«ar  Fenara,  and  170.000  acres  of  fiiUtlrstedlaiidwereoTerfloired,  and  a 
popnlatitm  of  ^,000  dohIb  driren  from  thnir  homes.  In  the  flood  of  Oi-tobcT 
Id  tin  same  year,  ht  ooaBe<)aeBoe  of  a  breach  of  the  dike  at  Rerere,  250.000 
aena  of  onltlvated  soil  WEfre  orartlowed,  and  80,000  penon*  were  made 
honeleas.  Tliu  dikee  w«re  Beriooa);  fatjnred  at  more  than  forty  pointa. 
Ree  page  179,  oiWa.  In  thelLwdof  I  WW,  the  Loire  made  urenty-tfareebreaolna 
In  it*  dikea,  and  thus,  inat«ad  of  a  oomi-iuutircly  gradoal  dae  anil  gontJ« 
ezpandon  of  ita  vaters,  it  created  aeTenty-three  impetnons  torrent*,  which 
toflioted  loAnitely  greater  mladilef  than  a  nniply  uatoral  overflow  wonk] 
bftve  done.  The  dikea  or  Inrea  of  the  Hlaainippl,  beiog  of  man!  reocnt  ron- 
■ttuotioo  than  Ihoae  of  the  Po,  are  soi  yet  well  oonaoUdated  and  foittBed.  utd 
for  thin  reaaoa  ennaaea  whlofa  ooeadon  daatnottre  JanndBWana  an  of  vnj 
bequtnt  occonvDOO. 
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man,  too,  spared  a  rcasouablc  proportiou  of  the  forests  of  tlie 
Alp^  aud  uot  Attomptod  to  control  tho  natuiikl  draina^  of  tbo 
sitrfHuu,  the  i*u,  It  hashecn  ^akl,  would  ri^ecmblo  the  Nile  iii  all 
its  csseuttal  ubaracturi»tic!?,  anti,  in  spite  of  tho  difToruuoftof 
cliinnte,  perhaps  be  regardod  m  the  friend  and  ally,  not  tlie 
eueni}'  and  tJie  invader,  of  the  ix}pulatiou  which,  dwells  upon 
its  bunks. 

But  it  has  been  shown  hy  Uumphreye  and  Abbot  tliat  the 
syetiini  of  IniigiUidinol  dikes  is  the  only  quo  susceptible  of  ad- 
vantageous applicaticin  to  the  ilississippi,  and  if  we  knew  Uie 
primitive  geography  and  hydi-ography  of  tho  basin  of  the  Po  m 
well  K8  we  do  those  of  the  valley  of  the  j^reat  American  rivCT, 
we  Blionld  very  pmhably  lind  that  tiro  condemimtioit  of  tbe 
plan  pnrsnod  by  tho  ancient  inhaliiLints  of  Ijombftrdy  Es  a 
too  hasty  generalization,  and  that  tlic  case  of  the  ^ile  is  an 
exeeption,  not  an  example  of  the  normal  regime  and  couditiuu 
of  u  great  river.* 

But  in  any  event:,  these  theoretical  objections  are  counsels 
apfea  coujt.  The  dikes  of  tho  Po  and  pnjhalily  of  soinc  of  its 
tributaries  were  bogtui  before  wo  have  any  tini8t\vorthy  physical 
or  p<»litical  anunlsof  the  jirovinccs  they  water.  The  civilijoition 
of  the  vnllcy  lifis  accommodated  its^clf  to  those   ari-an^*ments, 

*  Eml)iuikuienu  bAva  bottn  empl07«d  on  the  loirei  ooune  of  fcha  Po  far  al 
iNut  two  tlunuaiid  jeani,  and  (or  soma  ovntarica  tho;  have  been  rwnnnrtil  in 
ftvontlnuoua  cbaiii  from  the  aen  lotha  vicuut>'  of  Crcinoiui.  yzum  ewly  agaa 
tbd  ItfUion  by  drngmphcra  haw  etood  in  tho  front  nuik  of  their  iiriiffflmi,  and 
ttie  Itolinn  litantnre  of  this  broach  at  maUaial  inproreatont  is  wcevodJa^ 
voluiniuoius,  oxhatutive,  and  ooiQ[ilet«. 

"The  wcicuco  of  rir«ni  aft«r  ibn  barbarouj!  sg«a,"  tftj*  Hrngotti,  "  nmy  ha 
HaiJ  to  )mv<>  bwti  bum  uid  ptirfiKtatl  iit  Italy."  Tho  euucanb  ludika  onctaMT 
Lorohnrdini  piibltithod  In  ISTO,  imdar  the  tiUe  of  Guida  aSo  ttu4io  ^Uff  idttt^ 
ffiaJtUKvUa  e  dfff  IdratUiM  pratim,  wliich  Horres  both  on  a  Ruinmary  of  thm 
rpocot  piogTti»  of  th&t  aciecoc  utd  as  on  index  to  tbo  litet&bm  of  the  ■oU^C 
Tbe  prDfewuoual  Htudotit,  Uietofarc,  as  well  u  the  goognifbaXt  will  bara  ncj 
(Teqacni  occesioa  tc  oonmlt  Italian  autboritica,  and  in  the  vexy  TaluAbl«B»- 
poit  of  fiiiinpbzv>«  aud  Abbot  ou  the  UiMiBai|tpi,  Amencft  has  latolj  made  a 
oontribution  to  onr  potamolo|poal  knowledge,  which,  in  BdentifJo  i tit  n mat  ttA 
pnoticAl  utilitj- ,  doea  not  tail  shoct  of  the  ablest  Siuopaaa  jutMlttotiaoa  in.  Ite 
same  branch  of  inqaii7. 
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and  the  intereeU  which  might  bo  sacrificed  by  a  change  of 
8V»tem  ara  too  vast  to  be  liazarded  by  what,  in  the  present  dt;itc 
vi  our  knowledge,  can  be  only  cunsideitsd  as  a  duiibtfnl  exjwr- 
iment.* 

The  cnihankmonts  of  the  Po,  tliongh  they  are  of  vast  extent 
and  have  employed  centuries  in  their  construction,  are  inferior 
in  magnitude  to  the  dikes  ur  levied  of  the  Misaiasippi,  wluch  aro 
the  work  of  scarcely  a  hundred  years,  and  of  a  oomporativcly 
$))4irso  jMipulation.  On  Uio  right  ur  wostoni  bank  of  tlie  rlvor, 
the  leveo  extends,  with  unly  ocijasioual  interruptions  from  liigh 
blnfEe  and  the  mouths  of  rivers,  for  a  distance  of  more  than 
•laTcnhundrtHl  niiled.  The  left  bank  is,  in  general,  higher  than 
tlio  rij(ht,  and  npou  Uiat  side  a  oontiunooa  embankrueut  is  uut 
itoodcil ;  but  the  total  length  of  the  dikes  of  tlic  Mi^issippi, 
inrhultii^  Uuf^e  of  the  lower  course  of  i\t<  tributaries  and  of  its 
bat/oiu  or  natnial  emiffiarios,  is  not  Iogs  than  2,500  miles.  They 
coui^titute,  therefore,  not  only  one  of  the  greatest  material 
achievemcub)  of  tlie  American  people,  but  one  of  the  most 
remarkable  systems  of  pliysical  improvement  whieh  has  been 
anywlierc  8Woniplirthe<l  in  nut«Jern  time*. 

Thee*;  wlio  cuudumu  the  system  uf  liuigitudinal  einbankiuejita 
ha^'e  often,  adrised  that,  in  cases  where  that  aystcm  cannot 
be  abandoned  without  invnlvin;;  too  great  a  Micritice  of  exist* 
iug  interests,  the  olovatiou  of  the  dikes  sliould  l>e  muuli  re- 
duced, BO  as  to  present  no  obstruction  to  the  lateral  spread  of 
extraordinary  thM)dis  and  that  they  sliould  bo  provided  witli 
sluicee  to  admit  the  water  without  viulenoo  whenever  they  are 
likely  to  Ito  overflowed.  Where  dikes  have  not  bnen  erected,  or 
where  they  liave  been  reduced  in  height,  it  is  pro^viscd  to  con- 
atruct,  at  convenient  intervals,  trausvorsc  embaukmentsgf  mod- 

*  DtipQaohel  •dfiMil  a  reaott  to  tbs  "heiofeEcmtdr"  of  MCttfiohis,  or  doq- 
Tttrtiny  inbt  oolUa,  tbo  lomt  sturajni  of  bonwia  dti—  aspmei  to  riror  ioon- 
dation,  fiUiuir  Qp  th«  iitr««t«,  and  adniuitig  tb«  water  of  floods  frceljr  orer  Uu 
a^lJMciit  ootintry,  and  thtu  allowing  it  to  niitto  lh«  Iwal  of  the  Miil  to  tluU  of  Uu 
UgliMtibnodatiooa— rniAJ  fUydrauUfiu  ti  tU  Civtogit  Ayriwit*.  T*xiM^ 
IMS,  p.  241. 
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orato  height  mnninf^  from  the  banks  of  the  river  acroea  the 
plaina  to  the  hilla  which  bouud  them.  These  raeaenrea,  it  u 
urgiicd,  will  diminish  tho  violence  of  iuun Jutious  by  permitting 
the  waters  to  extoml  thomsclvcs  over  a  greater  surface,  and  bj 
thus  retarding  the  flow  of  the  river  cnrronts,  will,  nt  the  saroc 
tiiuc,  6ec-ure  the  deposit  of  fertHizing  filime  npon  ftU  the  suH 
covored  by  the  flood.* 

Ilozet,  an  eminent  French  engineer,  has  propoeed  a  method 
of  diminishing  the  ravages  of  innnilatioii3,  which  aims  to  com- 
bine the  advaiita^os  «)f  jl]1  uthcr  ftystoms,  and  nt  the  Bame  tiiTM 
to  obviate  tho  olijeetions  to  whiuli  they  are  alt  more  or  IflH 
liable. t  The  plan  of  Itizet  h  recommended  by  it*  siniplicitj 
and  cheapness  as  well  as  its  facility  and  rapidity  of  e.^ocutHm^ 
and  is  l<K>ked  upon  with  fa%'or  by  many  pei-sons  very  oomnc- 
tentto  jndgc  in  sudi  nuiltcrs.  It  is,  however,  by  no  meaiiA  m- 
pable  of  universal  apjilientiiui,  though  it  would  often  doubtleH 
pi'ove  highly  nsefiil  in  connection  with  the  mcnaures  now  em- 
pliyori  in  Sonth-eastern  Fiance.  Tie  propow?3  to  commence  with 
tlie  amphi theatres  in  which  inomitain  torrenta  go  often  rise,  by  ^ 
coveriim;  tJicir  slopes  and  fiHini^  their  beds  with  loose  l>1t>cks  dt  fl 
roeli,  and  by  constructing  at  their  outlets,  and  at  other  narr^iw 
points  in  the  clmiiTtels  of  tlic  torrents,  permeable  barriers  of  the 
came  material  jiromieciionsly  heaped  np,  much  according  to 
the  method  employed  by  the  ancient  Komans  in  their  northftn 
pivfvinces  for  a  similar  purpose.  Ily  this  meajift,  he  suppooes, 
the  rapidity  of  the  current  would  be  checke<l,  and  tho  qimnlitv 
of  rraiisportc'l  pebbles  and  gravel — which,  by  increasing  the 
mechauicjd  force  of  the  ivater,  greatly  aggravate  the  dataujB 
by  thxAi — much  diminiehetl.  Wlien  the  stream  haa  readied 
that  part  <tf  its  course  where  it  is  bordered  by  soil  i-ajiable  of 
cuttivatiou,  and  wurth  the  expetiae  uf  protection,  he  prupoaes 
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*  Tbe  fjvtem  deaoiibcd  in  th«  text  i»  mtntftntiaUy  the  Bgypiian  method,  Ite 
iuiei>etit  Xila  ilUces  having  bean  oonntructed  rotlier  to  retain  than  to  ox^ads 
tie  wntw. 

f  Aloj/mn  de  fareer  le*  Torreats  de  twntfrd  iiMptvUoduMti  (fit'Ol 
«t  dtrnfi^thtr  let  grandtt  iMHihUiont, 
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to  place  along^  one  or  both  banka,  according  to  circumstances,  a 
line  of  cnbical  bloc-kg  of  stone  or  pillnre  of  masonry  three  or 
four  foet  bigh  and  wide,  anil  at  thu  dietauc*  of  alwnt  eleven 
janls  from  each  other.  The  space  between  the  two  lines,  or 
between  a  lino  and  the  opposite  high  bank,  would,  of  conrsc, 
be  determined  bv  observation  of  the  width  of  the  swift-water 
current  at  hi^  flo<jd&  As  aa  auxiliary  raeasuro,  small  ditches 
and  banks,  or  hiw  witlU  of  pobblefl,  slinnlU  be  wmslnicte*!  fmiu 
tlic  line  of  blocks  across  tlie  grounds  to  Ijo  protected,  nearly  at 
ri^ht  angles  to  tlic  current,  but  slightly  inclining  downwards, 
and  at  convenient  distance*  from  each  other.  l^>xet  thinks  tho 
pKiper  inten'al  wonld  be  300  yards,  and  it  is  evident  tlmt,  if  he 
is  right  in  hia  main  principle,  licd^fi,  rows  of  trees,  or  even 
ctiranion  fences,  wcnild  in  many  caws  answer  as  good  a  purjwjBO 
a«  banks  and  trencbee  or  low  walls.  The  blocks  or  pillurs  of 
stone  would,  he  ccmtosuls,  cliock  tho  lateral  currentA  &>>  as  to 
compel  tliem  to  let  fall  all  their  pebbles  and  gritvel  in  tlio  main 
channel — whore  they  would  be  rolled  along  until  gronnd  dowii 
to  sand  or  silt — and  the  traiisrerse  obstructions  wonld  detain 
tlie  warcr  nfton  the  soil  long  enough  to  secure  :hc  depoait  of  it« 
fertilizing  sUnic.  Xntncwiis  factit  are  cited  in  Bup|K)rt  of  the 
autliur^s  views,  a:id  I  imagine  tliere  ure  few  residents  of  rural 
districts  whoso  own  ol»ervation  will  not  funiish  testimony  uoii- 
firmatnry  of  thoir  soundness.* 

*  Tba  «S«ot  of  troM  siul  otber  drtaclwd  obitnotioiH  la  chioldBf  the  flow 
ot  w«t«r  i»  parbculorly  noUMd  bj  PnlMgr  la  hit  May  on  WaUrt  trnd  Fmn' 
tai»*,  p.  173,  «(Utioti  ot  1&14.  "T)>et«  iMt,"  i^j*  he,  "in  illr«n  rwru  of 
Pmuia,  Bad  aiwcullj  lU  Nanbia,  wdoiImi  bridgm,  mivon.  In  bra«k  the  f«nw  of 
tb«  WRten  nnd  of  tb«  AoBtfaty  ioa,  wbioh  might  andam4{*a  Um  fim  nt  thn 
mid  IvidgM,  \.\uiy  \uait  drivttB  Qpcif^t  timtMi)!  iota  the  b«l  at  Lha  rivrin  ftbovn 
lib*  miA  pWwi,  trhbnot  tb*  whi^  Uiojr  ■tumid  «bbl«  bni  little.  And  fn  liko 
wiM,  tiw  tcwK  which  bt  planted  sldBg  tha  monntaum  do  tnnch  ditvlim  tba 
violoacs  of  tb*  iraton  that  Oow  from  tbcm." 

Umbardiiii  att«cb«s  gTMl  iiofMxtiuio*  to  lb*  plnitiiv  of  nm»  of  IMM  tnnift* 
TcnAljr  to  tbe  cnmmt  on  ffranndi nbjwl  i» owritow. — Sutm*  Arj^  lUtuli  md 
rnwv.  g  69,  uni  AppeitdiM,  gg  3S,  Si. 
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litmoval  of  Obstrurtiofts. 

Tlie  rotnoval  of  obstriiKtioiis  in  tlio  beds  of  rivers  by  dredgini 
tlic  bottom  or  bliuttinj^  rouks,  tUo  waehing  ont  of  dopoeite  and 
locally  incrwu-iiifj  the  dept]i  of  water  by  nan-oMring  the  clinnnel 
by  means  nf  spnrn  or  othor  conRtrnctions  projecting  frojn  tlw 
banks,  aiul,  finiilJy,  tlie  cutting  off  of  bends  and  thiia  shortening 
tlie  uotireo  of  tbo  stream,  diiniiii^biit^  the  rcElstatiee  of  ita chores 
and  buttom  and  giving  tho  bed  a  more  rapid  declivity,  liave 
all  been  employed  not  only  to  fiunlitate  navigation,  but  m 
auxilinrteB  to  iiifiro  effectual  iTiodes  of  preventing  iniimlatiom. 
lint  a  bar  ]"ei«ovccl  from  nne  point  is  ahnost  snro  to  i-e-form  %t 
the  game  or  another,  pptirs  ocf^asion  injtirionfi  eddies  and  nnfnn- 
wen  diversions  of  tin."  currt'iit,*  and  the  cnttiiifr  off  of  bond«» 
tliongli  occasionally  uffeutcd  by  nature  herself,  and  eoinetirao 
ttdvantngPouH  in  torrential  Btreama  wlioao  banks  are  secured  hr 
w»lid  n-ftlU  iif  stoiio  or  other  artificial  tronBtnictionSj  eoldom  es- 
tablishes a  pennanent  channel, and  hesidos,  the  Increajiod  rapid- 
ity of  the  flow  tbrongh  the  new  ent  often  Injnrioutdy  affects 
the  regime  of  the  river  for  a  considerable  distance  below.+ 


*  The  tntrmluut{(in  of  ■  new  KyiA*\m  of  apnra  with  pAnbdlic  ctirrM  hiu 
sttcniled  wiUi  grwit  kdrantasc  in  Fnui<.-i}. — Annaiit  ttu  Oinit  i'irS.  Mai,  I9B> 

I  Tlita  practice  hmt  KUTnelitiim'bi.-un  rtiiwrt«d  to  on  tbo  Ifintavipjii  «iUi  ad- 
raota^  fa>  oavigation.  but  it  ii  ciuitv  naother  <}acRtioD  wii»th«r  that  wImb- 
ti^o  bM  nnt  been  too  dawrly  pnruluAod  tajr  tlio  injury  to  the  "hanks  aft  Itmr 
point*.  1i  w<!  i!tip{io<ie  b  riv«r  to  bnr«  u  nnvi^blo  ooune  of  ],fM)0  niWM 
mennuped  tiy  iu  nntunil  cbann<!l,  with  n  ilei^itivut  of  800  teim,  we  «ba]l  hstv  » 
Ml  of  six  inobf>ii  to  the  tnile.  If  the  length  of  Dbiuin«l  bo  roduc^l  to  l.M 
miles  bjT  cuttuiB  off  Itendfl,  the  fnll  1h  inaremted  to  elgbt  ioobes  |y>r  tnilA.  fW 
nngnu^'Dtntion  of  volocit;  con»equent  upon  this  Increase  of  fnnlinatitn  b  sat 
cotnputablo  without  tAkin^  into  aocouut  oUier  eloniButA,  xnch  AAdoptbaad 
volame  of  water,  dtmination  nf  ilireot  reoUtanoe,  and  the  like,  bat  In  almwt 
auj' tiiipiwsable  atee,  it  woiikl  bo  MtiiScIi'Dt  to  prodnoe  great  «t^ct«  oaAa 
height  of  flood*,  tbe  dcpoxit  of  srM'liinent  in  tb«  ohannet,  on  tbn  idinnM,  and  tf 
tbt  outlet,  tbe  eroaioa  of  htuikii  ani]  other  pnijilA  of  mncfa  K^ogrmphicml  twtrHI- 
ance. 

Tbo  Po.  ia  those  ports  of  its  ooune  whem  the  embanlraten^  l«av«  ■  vtf* 
Bpaoe  botwtxm,  often  nnu  off  bendH  !n  itfl  channel  and  ■tcaigbtuna  ita 
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Combination  of  Methods. 

Upon  tlio  wlicilo,  it  is  obvious  tliftt  no  ono  of  the  incthoda 
heri't*)fore  jimctisod  or  projKisod  for  averting  the  evils  rvsiilting 
from  river  inondations  Is  capable  of  itnivcreul  application. 
Each  of  tliem  U  ppecialh-  suited  to  a  special  case.  But  tho 
livdrography  <>f  alraoat  every  congidemblo  rivor  and  its  tribn- 
tarics  will  bo  fonnd  to  embrace  most  special  cases,  moet 
known  forms  of  nuporficial  fluid  circulation.  For  ri\*er8,  in 
gciicml,  begin  in  the  mountains,  traverse  the  plains,  and  end  in 
the  sea ;  they  are  torrent<i  at  their  sonrcea,  swelling  streams  in 
their  middle  oourec,  placid  cniTCnta,  flowing  molli  ^umirie,  at 
their  termination.  Hence  in  the  different  parts  of  tlieir  course 
Iho  diffcrcDt  methods  of  controlling  and  utilizing  them  may 
Auecessively  find  application,  and  there  is  every  reason  to  be- 
lieve tliat  by  a  judlcinns  application  of  all,  every  great  river 
may,  in  a  iMJueldoraUo  degree,  \to  deprived  of  its  powere  of 
evil  and  rendered  snbservlent  to  the  nso,  the  oonvenionoc,  and 
the  dominion  of  man.* 


Tb«w  ikoit  onU  H*  oaUed  «atM,  orlMfw,  «nil  Bometua««  abridge  the  diabuwe 
b>iwt»«i  Uwir  tonnioi  \ty  aevonl  milea.  In  1TT7,  tho  uUto  of  CoUoro  ■hart* 
ened  a  disunoe  of  7,000  mtoea  bj  S.OOO,  or.  In  other  worda,  nxluced  Lbe 
lenj^h  of  IhQ  river  \iy  five  kilotndbrvs,  or  abont  three  miles,  and  in  lti07  aiid 
1810  the  two  taitt  of  Monanooe  effected  a  rtill  igrottvt  redootioa. 
*  On  the  lemediea  spuiHt  innndatiim.  eae  tha  Taltuble  p^mt  of  Lom- 

IHOa 

There  cko  be  oo  doabb  that  ia  the  oaea  of  rivera  which  noelre  their  mpplT 
lo  a  large  meamire  from  mountain  ativamii,  the  methoda  daacrihnl  in  a  former 
dupteraa  teoenUr  emplvred  in  South -eaatem  Ftane<  to  arreet  the  fonnaiioo 
■nd  leaaeo  the  fome  of  torrents,  would  proTe  ei|OB]l7  naefal  aa  a  pmt entivo 
r»me4f  ac^nat  boDdatlona.  Thejr  would  both  retard  the  delirery  of  aurfaoe- 
water  aoul  dlminlab  the  diaohaige  of  aedimcnt  iato  rlvera.  thtu  opcmting  at 
onoe  affalnct  the  two  oiott  effloieot  caoMaof  deatnictive  flooda.  See  Chapter 
m.,  pp.  S18  ttaegq. 
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DiJces  of  tU  NUe. 

"nUtory  tollfl  U8,"  says  Jlengotti.  "that  tho  NUe  fa 
terrible  aud  destructive  to  undent  E^ypt,  in  consequence  of 
being  oufined  witliiu  elevated  dikes,  from  the  borders  of 
Nubia  to  the  sea.  It  l>eing  impoeeible  for  these  barriers  to  resist 
tho  pi-c^anro  uf  its  waters  at  mieh  a  height,  its  floods  bnrst  its 
rampBits,  sometimes  on  one  side,  soinctimue  on  the  cjtiier,  and 
deluged  the  plaiua,  which  lay  far  below  the  level  of  its  corrent. 

.  .  In  one  of  its  formidable  intindstlona  the  NTlo  over- 
whelmed and  drowned  a  large  |>art  of  the  popnlatidn,  TTie 
Ejr>"p*^'*"^  *^'^"  perceived  that  they  were  8tni*;;ling  »gaiu6t 
nature  in  vain,  and  they  resolved  to  remove  the  dikes,  and  per- 
mit the  river  to  expand  itself  laterally  and  raise  by  its  dc]Kisita 
the  surface  of  the  fields  whicli  boixlcr  its  chaunel.*'* 

The  original  texta  of  the  pa=*iagos  cited  by  Mcngotti,  from 
Ijitin  translations  of  Diodoma  Sicnius  and  Plutarch  and  fn>m 
Pliny  the  Klder,  do  not  by  any  means  eonfirm  this  stAteinmit, 
though  the  most  important  of  them,  that  from  Diodome  Siirutiu, 
is,  perliaps,  not  irreconcilable  with  it.  Not  one  of  tbem  spettlcs 
of  the  removal  of  the  dikes,  and  I  understand  thorn  all  u 
relating  to  the  mixed  system  of  embankmenta,  ronr%-vir«, 
and  canals  which  have  been  employed  in  Kffvpt  through  the 
whole  period  concerning  which  we  have  clear  iuforraatiou.  I 
suppose  that  the  disastrous  innndations  referred  to  by  the 
authors  in  question  were  simply  extraonlinary  AixhIk  of  tin 
same  character  as  thofiO  which  havo  been  frequent  at  later 
periods  of  Kgj-ptian  history,  and  I  find  nothing  in  snppiirt  of 
the  proposition  that  continuous  embaukmouts  along  tlic  banks 
of  the  Nile  ever  existed  until  such  were  constructed  by  Mo- 
hemet  Ali.t 

*  MrmJuit  FMea  «  Sfttntiuntale.    Sd  odixlono,  vol.  L,  pp.  181,  1S3. 

t  Tb«  trndoal  eleratioo  of  the  bed  of  the  NEI«  fmm  tedfaMBtary  Jifwlh 
fVom  the  pToLonf^tion  of  the  Delta  mi*1  consMjoent  reduotion  of  tbo  InrttnaMnn 
of  tfar  riTer-bed,  or,  as  has  been  sappooed  bjr  «o>me.  thtmgfa  without  pcobftbOhj, 
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The  object  of  the  dikea  of  tlie  Po,  and,  with  few  exceptions, 
of  ihowj  of  other  Europcau  rivcre,  lims  always  bc<?n  to  confine 
the  waters  of  floods  and  the  eolid  material  transported  by  thein 
within  AA  narmw  a  nhannol  aA  [M^hlo,  and  entirely  to  jiro- 
vcnt  tlioni  fmni  Howing^  over  the  adjacent  plains.  Tho  olijuct 
of  Uie  Egyptian  dikea  and  canals  is  the  reverse,  namely,  to 
di  IT  use  the  swelling  waters  and  Ibeir  scditncnt  over  as  wide  a 
surface  as  jxissible,  to  eton;  llicrii  up  until  thu  Boil  they  cover  has 
been  thoroughly  saturated  and  euriclwd,  and  then  to  conduL-i 
thorn  over  other  gronnds  rcpiiring  a  longer  or  a  second  submer- 
ftion,and,ingeneral,to8ufF(!r  none  of  the  predons  fluid  to  escape 
except  by  evaporation  and  infiltration. 

Lake  Moeri?,  whetlicr  wholly  an  artificial  excavation,  or  a 
niitiinti  basin  ixmverte*!  by  einbanknionts  int^i  a  reservoir,  was 
designed  chiefly  for  the  fiame  parposo  ait  the  barrage  built  by 
Mou^l  Bey  across  the  two  great  amis  which  enclose  the  Delta, 
namely,  as  a  magazine  to  furuish  a  ]>en;miial  sujiply  of  water 
to  the  thirsty  soil  Bat  these  artificial  arraiigcmuuts  alone  did 
nut  Bufflue.  Canals  wore  dug  to  receive  the  water  at  lower 
Ptagos  of  tho  river  and  nonduct  it  far  into  the  interior,  and  aa 
all  this  was  still  not  enough,  hundreila  of  thousands  of  wella 
were  sank  to  bring  up  from  tho  subsoil,  and  spread  over  tlie 
surface,  tho  water  which,  by  means  of  infiltration  fn«n  tho 
river-bed,  pcrvaiUs  the  inferior  strata  of  the  whnlo  valley.* 

If  a  system  of  lofty  continuous  dikes,  like  thf«e  of  the  Po, 
had  really  been  adopted  in  Kgypt,  in  tho  eai'ly  d^'nasties  when 
the  power  aud  tho  will  to  uudcrukc  the  m<Mt  stupendous  m^ 
terial  enterprises  were  so  eminently  oharacterietic  of  tlie  gov- 

from  >  •eooUr  riM  of  th«  ooMt,  ludand  moMmny  wn*  iihMigB  la  lbs 
bnlnralio  wnnKenMnbi  of  laRTpt.  MalMnwi  All  wh  idTiaed  to  adofit  k  qr*- 
bnn  of  loDgitQduuU  IflTUoa,  and  be  embuikBd  Uu  liror  Cram  Jeb«d  HiUteh  to 
tlw  MA  with  dik««  nx  or  w&fva,  f«€t  hisb  snd  twontj  feet  thick.  Similar  »iii- 
iMukmeatA  wan  nude  ftromnd  the  Dolt*.  Than  dikw  an  provided  with 
Inuunvnwi  embankmflnts.  witli  stnicm  for  ndiiiittiiv  viA  cwiala  for  distribatiap 
tbe  wat«r,  and  thoy  Mm  rather  to  retain  the  watar  and  oontrol  iti  flow  Umu 
tovsolnrtait^— Ci^rr  Bht,  Aji^t^u  rvr  T Kijj/pte.  il.,  4JJ7. 
*ItUMl<l  Uuitiath*D<ltaaloQe:W.OOO  wttUtantiaplojtdtelnfgMloiL 
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emmeut  of  that  country,  niiil  pei-sevored  in  tliruugb  lalei 
AgOR,  and  tho  watera  of  tlie  annual  innndation  hml  tbas  been 
l>orraanontly  prevented  froiu  Hooding  tlie  land,  it  in  conoeiv- 
able  that  the  proditctivenc^  of  the  small  area  of  cultivable 
Boil  in  tbo  Nile  valley  mi;;ht  havo  beeu  lou^  kept  op  by 
HTtifiuial  irrigation  and  the  apjilit-ntion  of  Tiianures.  But 
natoro  would  have  rcbullcd  at  lost,  and  uunturicB  bcforo  oar 
time  the  mighty  river  would  have  burnt  tho  fettere  by  which 
impotent  man  had  vainly  etrivpn  to  bind  liig  swelling  floods, 
the  fertile  iioldd  of  E^ypt  would  have  been  convertcxi  into 
dank  morast^es,  and  then,  pcrliapH,  in  ftoine  distant  future,  wlicn 
the  expnUiun  of  man  should  Imvo  allowed  tho  gradufti  restora- 
tion of  the  primitive  erjuilibrium,  would  be  again  trajj&foruicd 
into  Inxnriant  jjardun  and  ploiigli  land.  Foitunately,  the 
oajHt'fiilii  jEi^ijpllm'Hiii,  tliB  wisdom  of  the  Egyptians,  taught 
them  bettor  thjuga.  They  invited  and  welcomed,  uot  rcpuUed, 
the  sHniy  einbruces  of  Nilus,  and  hii  favoi-a  have  l>ecii,  frruu 
the  buaiicst  antiqnity,  the  ^reatOAt  material  blessing  that 
nature  over  bestowed  upon  a  people.* 

Deposits  of  thi  JS'U^. 

T!ie  Nile  is  lai^r  than  all  the  rivers  of  Lombardy  tDgetlier,f 

it  dniinB  a  bafiin  fifty,  possibly  even  a  hundred,  times  aa  oxtea- 

"  Deep  borings  hare  not  detected  onjr  esMOtUl  differenoe  is  the  qnuitl^  or 
quality  uf  Uih  dupmits  of  thu  Nile  fur  fort;  or  fifty,  or,  u  noine  caiiiipats,  foe 
ft  hutiilri'xl  ceniTiri'**.  From  whitt  vnjtt  ittote  of  r\eh  eniih  doM  tbU  riva  4*> 
dvu  till!  tlm^ft  or  four  iiiolitui  of  fi^rtlliziiig'  lantcrtsl  wliiuh  it  H[>r«ftd«  over  tba 
ftoil  of  Bif?T'  nrery  handrcd  jtAf*  f  Xot  fmm  tti«  Wh!t«  Nile,  for  Uiftt  riTtc 
drops  ueorly  all  it«  KitnpendMl  ma^u^r  in  Die  bruiul  extwnsioiu  and  akrar 
camnt  of  lt<  ebannel  noiith  of  the  Uioth  degr««  of  north  Utltud*.  Nor  doe* 
it  appear  tiiat  ma{;li  Kudlinciit  in  oiiutribulcd  by  tha  Bolic-ul-Azrck,  whMl 
flotm  thrnn^h  foroJiU  for  a  preat  put  of  its  conrsA.  I  bava  b««n  iutotmad  hf 
an  oM  I!<tropi;iui  rvsidmit  of  B^*y)it  who  ia  Tory  ftuuiUor  with  tba  Upper  KQi^ 
th^t  alnioKt  tho  wbolo  of  tha  «artti  with  whieb  ita  waters  art  ohugftl  b 
t)ruus:bt  down  by  tbo  Takiuts'-. 

f  Front  didly  mmwnrein(mt«  dnring'  a  ti«ri<id  of  fonrtwtn  yvara — ISS7  14 
imO — tbo  mi'an  duli^Try  of  th«  Po  at  Ponto  L«g(«vunr,  below  tba 
of  ita  laac  tilbaUty,  is  found  to  bo  1,720  cabic  metro,  or  60^745  «nfate 
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»\VQ,  ite  lianks  have  been  occupied  by  man  probftblr  twice  as 
Imig.  HuL  its  ^^nipbii^l  fiiai-ttclL'r  Uuh  luti  [mcM  much 
ohuiged  in  the  whulti  jieriod  of  reoonJwl  hiatury,  and,  Uiuii^i 


perMOOod.  Its  waollcsl  tlellTorjr  b  186  cubte  adtm,  or  0,008  oablo  taet^ 
iu  gr«fttc«t  S.ISA  cobJc  m^tzM,  or  ISS.OM  cobic  tttt,  Tho  mtungt  dolivciy 
of  Um  NIlo  being  101.000  aabia  tMt  [Mr  Beconii,  it  tollcm's  Hut  Iho  Po  oon- 
tttbstMfioUte  AdriMic  r&(h«r  morn  tfaui  rix-tanthBMBO«b  WAtct  H  tbo KU* 
to  Iba  Heditemmciui— a  result  which  will  Hirprise  mcMt  raadon. 

It  ts  worth  t«ia<tnt>«riiis  iiiaA  tb«  in«ui  deUvesf  of  Um  BhoM  ft  ftltDMt 
ulciitioiU  with  (iuc  nf  the  Po,  uid  that  of  the  Bbtoe  b  very  auuiy  tha  wuuo. 
ThoQf^h  Die  Po  roo«(T««  four-t«athi  o(  ita  w&t«i  frum  Inkfa.  id  which  the 
Ktreuna  thM  enpty  Into  them  let  fall  the  uUd  naierud  ihiif  hrinz  dovm  from 
the  uonntutjia,  ite  AtpQtit*  in  the  Adriatic  an  at  least  tixtj  or  Mrentj'  per 
MOt  grpat<>r  thaa  thoH  traiuipoTt«d  to  the  Uedltefraiidaii  by  th«  Rhciu,  which 
dvivw  muvt  of  ita  Bopplj  from  moootoiii  and  turreatial  Uitnitaria-  ThoM 
tribataiica  lod^  mach  ardinKtrit  in  tlie  lAkft  of  Geneva  and  th«  Lao  do  Bout* 
gnt,  bat  tho  total  vrouoii  ot  Ihti  To  and  ita  afllaeata  miuit  ba  WmaMiinMy 
gteatcr  than  that  of  the  Bhtuie  nj-id^m.  The  Rhine  otmrey*  to  tho  aaa  snub 
iMi  Mdunant  thaa  oithor  of  tha  othar  two  dntn. — IA*MBABI>DIC,  Coryw- 
mmti  neOti  emiMm*  (U  Bi,  p(k  SB,  80. 

Th«  raean  diMhaffco  of  Um  Miaslaaipiri  Is  879,000  ciibio  fntpsr  aeaond,  mod, 
aooordinglT,  that  lirer  cootribatca  to  the  »ea  aboat  «lere&  time*  aa  nudi  water 
aa  tho  Po,  and  mnro  than  alx  aud  a  half  tlmea  an  much  a»  the  NDe.  The  dla- 
charne  of  the  Vlalnippi  ia  estimated  at>  <me-fonrth  of  the  preoipltatioa  ia  its 
baaln— oertaint;  a  Tery  la^s  proportion,  whnn  we  oiiuidder  Um  rafdditj  of 
eraporatlon  in  many  piuta  of  th«  hosio,  aod  the  probable  low  by  infltuatloa. 
— UcncnwKVt  Axn  abuot'ii  HupuH,  p.  KJ. 

Tlw  bMfai  of  tb«  IDHlMippl  hM  an  un  forty-aU  tlmm  u  large  oa  that  of 
Ute  Po,  with  a  neaa  aoooal  praoipttatioa  of  thirty  itMliea,  while  that  of  tbs 
P«,  ax  leaat  acoonliafl-  to  official  itacUtJk*.  baa  a  predpitaUon  of  forty  lnch«& 
Eenoe  Iba  dowB'flUl  la  the  former  iaone-fonrlh  Inw  thaa  in  the  latter.  Bealdt* 
thla,tbe  MlariMlppJ  k>aea  liltlo  Ar  naUilnir  by  the  diraniloa  of  Ita  watem for  Irriga* 
tloo.  OonasqiienUy  th>«  aicasuriKl  duchargv  of  tha  Miwieaippi  is  prupMrtiooally 
nnudi  taaa  than  that  of  th«  I'o,  nud  we  arc  outhorind  to  eondnde  that  the  differ 
enoe  ia  {Mutly  doo  to  tha  oecapg  of  water  from  the  bed,  or  at  leaat  the  hoaiii 
of  the  NlMBsipri,  by  nibtemneaD  channeU. 

Tbaaa  oompaiiMDa  are  intercatlDK  ta  lafetenoe  to  tha  anpply  reoalvad  by 
the  aea  directly  frum  grvat  riiwra.  bat  they  tail  to  jflTO  a  tme  idcn  of  the  real 
TolUB*  of  the  Ultei.  To  take  the  com  ef  the  >'Ue  oimI  tha  I'o ;  we  liave 
renaoa  to  aappoaa  Ibat  cirai]iarattTely  little  water  ia  divonad  from  the  trilni- 
Utite  of  the  former  for  Irrigation,  but  enonaona  qoaiilitiet  an  drawn  frotn  tia 
maia.  trunk  far  that  parpoae,  below  the  podnt  where  It  raoBivea  ita  laM  afllnonk 
nja  qaautity  ia  now  inowaiiny  is  ao  rapid  a  proponiou,  that  Uia&e  Iteobu 
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its  outlets  Imvc  aomewliat  fluctuated  in  onmber  and  poeitioD, 
itfi  litstoriealK-  known  encfoacluiictits  upon  t}ic  eea  aiv  trifliog 
ciiiiipiirod  u'ilh  tLijise  uf  tlie  Po  and  tlie  DDigfalKiriii^  »trciuiifL 
The  deiH«its  of  thu  Nile  are  naturally  greater  in  Upper  than  in 
Lower  Egypt.  They  are  found  to  have  raie«d  the  fioil  at 
^ebea  about  ^cvcu  feet  ^^'Ithia  the  laj»t  ecveuteeu  Lundred 
yeuB,  and  iu  (ho  Delta  tlic  riac  has  beisii  curlaiuiy  mora  than 
lialf  as  great. 

Wc  ehall,  therefore,  probably  not  exceed  the  tnith  if  we 
Mippt)6e  tlio  uiiiiimlty  inuiu]ate<l  gnrface  of  H^'^it  tu  lm%o  boen 
elevated,  upou  an  avoi-age,  ten  feet,*  withiu  the  laet  5,000  ^  ears, 


iowcM  Che  dnj  when  Ui«  entire  low-wat«r  carrflct  will  be  ab«ocb«d  b^  i 
VTBiigniiunta  to  meet  the  needs  b£  extended  and  tmpniTfld  apioolCBML 
the  other  hknd,  while  the  effliumte  of  the  Po  eead  off  ■  greet  qiuatilj  of 
into  oanelM  of  lrri|fatti>n.  the  mein  tmnk  loaee  llttJe  or  noUilii|f  to  that  w%j 
«xoe|it  At  OhiTBMK>.  TnwtworUi/  dutA  we  wuitiiig  lo  eneMe  bb  to  rnlimifi 
bow  lor  tbeee  diJXereiit  modea  of  utilising  Che  K%Utt  balaooe  emob  other  to  the 
case  lutder  ooondention.  rerbntm  the  Ceuel  C«*xmj.  and  otlm  tnigataf 
ouhIa  DOW  profxmd.  naj  one  day  interoppl  ■■  lars*  a  pcopotUoa  of  tiw  N^ 
ftl;  of  the  kiWBr  Po  aa  EgyptiaB  dtkca,  caoala,  ehadoofB,  and  rtaam-puMfai  de 
oi  that  of  the  Silo. 

Another  onntnutaiMe  ia  impwtutk  to  be  iT***fl— **  la  OMapadair  tte 
ebawotrol  U>aw  three  ana.  ^nwPonuwoadywrtend  wi,  audit —dlw 
trflnrtT'f  ate  cxpoead  to  no  otiier  differanoc  of  mHeortiiogicai  eonditioM  Ikaa 
thoM  which  alwajs  eabaist  between  ftb«  mountaina  and  the  plaaaa.  IW 
coone  of  tha  Xilu  and  the  MiMdanppi  m  wainl;  north  nod  eovlh.  Tim  I 
of  the  Nile  are  in  a  veijr  humid  ngion,  in  hrwor  ooona  fat  many  hi 
nilee  in  afanoefc  nmkMS  latitadn  with  enomioae  cntpontinff  power,  while  the 
|*Bci|Btation  te  laife  thmnBhoat  the  MiMfairippI  Retain,  esoept  la  the  faaakia  <d 
■oae  of  ita  *te<ani  nlllnentn. 

*  FnMand  Ejlli  "■-***-'"  iTlrT  inr  hanm  in  liniliwtliji  ^-*-  *it  **'  '  11m 
tha>BnnalareiKiilarel«TBliaB  ef  tbo  aoilof  Bcn*  ^itm  MdiaeM  «C  tka 
SQih  The  dapoait,  thajr  aay.  ia  variola  fnua  inegolaii^  «f  «nrm*»  mi 
mtpodaHj  boat  the  tnterfFRnce  of  man  with  the  op^ratinna  of  aaawve,  to  ■ 
d^gsaawbid  rrndan  >nr|ii  ilnTilr  niiiinaitarlnnnif  Ihaainfiiinl  niiitfi  imjii^fyii 
~PKAa^  Amdtm  OrifMt.  fp.  Hi.  US. 

Tba  ■iitiMinr-T  okatter  liiM|iiiitii1  Iffltm  Mte  migkt  do^MlBai  ba  ert>- 
matad  with approximabe  preeiaee  bj oanM  atneiTalian  of  the  iwiipiHliua  ad 
aaafMBded  eltMo  and  water  at  dlffuvut  rtationa  and  aaaaoaa  for  a  few  aMoW' 
tin  ream  FVari  hej  aUMa  that  at  law  almgm  the  water «(  the  3CEIb  eaabMa 
Luleor  soaedita«tUraiaIthatlh«tnateBtpropofltioaoccaaab«aa  tfaeeadiC 
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or  tvTce  And  a  half  the  period  during  which  the  historj  <^  the 
Po  is  known  to  iii.* 

As  I  have  obaerTed,  tiio  ai-ca  of  cnltivatod  soil  is  much  lese 
extensive  now  than  uudur  ihe  dynsfitics  of  tho  Plmnuiha  and 
the  Ptolemies;  for—tliuiigh,  in  eooeeq^nonce  of  tlio  elwatinn 
of  the  river-bed,  the  inundations  now  have  a  wider  ttatuntl 
spread — the  indnstry  of  tlic  ancient  Eg}'ptiiuia  t-ondnctcd  the 
^'ilc  water  o\"cr  a  f;reat  surface  which  it  dues  nut  now  rcai-h. 

Had  tlie  Nile  been  banked  in,  like  the  Pu,  all  this  dei>oi«it, 
except  tliat  w)ntaiiu'd  in  the  water  diverted  bv  eiinitls  or  other- 
wise dmwn  fntm  the  river  for  irrigation  and  other  pnriwees. 


Jul]*,  and,  of  ooone.  wbU«  tin  iiT«r  U  itill  itiang.  Ezperimoirta  «t  Khartum 
at  that  flcaaoo  ahoweil  aolid  matter  in  the  proparUon  of  otw  to  ■  thatiBaad  by 
weifbt.  The  qoaalitj  ia  KlatiT«I]r  p«at*r  at  Cairo,  a  taal  whidt  abvn  that 
tba  rivM  raociTGB  mora  earth  txvm  Uu  «niBian  of  its  bankn  tliiui  It  dopoaha  at 
Itsown  iMttom,  asd  it  most  oonaeqii«titl7  widen  its  ohADoel  aulaaa  we  loppoae 
a  aeoalar  daptaaaloo  of  ths  coast  at  the  moaUi  of  the  Nils  whieh  pmdnoea  an 
fnenaaod  inolinatioa  of  th«  bod  of  th«  river,  and  cooaoqacuUj  an  auctueated 
mIoalQr  of  flow  safficisnt  to  aw«ep  out  earth  from  tho  botUun  aud  mix  it  with 
tb«  current. 

BeiBcheU  atataa  the  Nile  aodimcat  at  t  in  633  bj  wtigbt,  and  oDm[iulei  the 
oaUnaaBUkl  qoautity  at  HO  mUlions  of  taa». —PAi/tkal  Utujraphy,  p.  SSI, 

Tbi!  owau  propurliou  of  aodimvntarj  material  in  ibo  wslcn  at  the  Mbv^a* 
tipia  in  ralonlatcd  at  1  to  1,000  hy  weight,  and  1  to  2,S00  in  volnme,  aiul  the 
total  amiUAlquantit7at813,MO,000,000poaiida,whlcb  would  corer  one  aiquan 
mllflto  thed<>]tth  of  S-ll  feet^— ntrnPiuiBYS  asdAruutt,  Reptirt,^.  14B. 

"  Wo  are  quite  aafo  In  vappadag  Uiafe  the  mUey  of  tha  Nil*  haa  been 
oooapjm]  by  man  at  leaat  S,000  yeaiK.  The  datea  of  Esyptiaa  ohnnulOKy  an 
DDocrtain,  bat  I  believe  oo  Inquirer  eatlinataa  Uta  agv  of  Ibo  great  pTramlda  at 
laae  than  fortj  oeDtariM,  and  tho  oooatractios  of  auafa  wncka  iraptlM  an  al- 
roody  ancient  ciTiltxatioa 

It  in  an  lateroatbig  tmt*.  that  the  old  Egyptiao  i^raletn  of  emhankmenta  and 
canala  la  probably  niora  aiid«nt  than  the  yvoliiiical  ohangea  which  have  oon- 
vettad  iba  Hlaaiidppl  tnm,  a  limpid  to  a  turliiil  atraun,  and  oocaafauad  tha 
focmatiao  of  tha  vast  delta  nt  the  mouth  of  that  rirar.  nnniiihrrrs  and  Atitiol 
oonolodfl  that  the  delta  of  the  Hlaaiaaiiiiil  began  Ita  enonwc-hmcuts  on  the 
flttlf  of  Mexico  not  nor*  than  4.400  yean  ago,  bafore  which  period  they  anp- 
|>a«e  tba  MlaaisaippI  to  have  been  "  a  oom|ianUn]]j  olcwr  airwun,**  aonvayiug 
*«Ty  little  aadimcnt  to  the  aea,  The  pnwvnt  rata  of  adyanee  of  tfa«  delta  f« 
S4S  feet  a  year,  and  thrro  an  leaaona  for  thtolcfng  that  tha  amooat  of  depoail 
hu  loovbecn  approximately  cooitAiib.— Afiorf,  pp.  4S0, 43(L 
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would  liavo  been  cai-ried  out  to  eea.     Tliis  would  hav* 
coTieiflorable  q^nuntity ;  for  the  Nile  holds  some  earth  in  euspen- 
Bion  At  all  softsoiis  except  at  the  very  lowest  water,  a  luach 
larger  proportion  during  the  Hood,  and  irrigation  miiat  have 
bceu  curricii  ou  during  the  whole  year.    The  procitto  amount  of 
BeJiiiient  wliioh  would  have  been  tlius  distributed  over  the  soU 
16  Jiuiltor  of  conjecture,  but  tliough  large,  it  would  h&v^  be«n 
mncli  Ices  than  the  inundations  have  dcpnsiteil,  and  eoiitii|iH>UA 
longitudinal    embankment^)  wuuld  have  con]]>elIod    the   Nile 
to  tinnhport  to  the  Mediterranenu  an  immeuw  quajititv  ov«r 
and  above  what  it  lias  actually  deposited   in  tliat   sea.      Tlie 
Mediterruiit-au   in  fihoal   for  mma  miles  out  to  sea  alonf;  tho 
whole  coaat  of  the  Delta,  and  the  large  hay&  or  lagoona  within 
the  coflstlino,  which  coniinunicatc  Iwth  with  the  river  and  tlie 
pea,  have  little  depth  of  u-!itoi-.     ThoAe  lagoons  the  rivor  dop^wit* 
would  li!ive  lilled  up,  and  thei-e  wuulJ  still  have  been  eiirplns 
earth  etiough  to  extend  the  Delta  far  into  the  Mcditernueau.* 


Ohstj'ucihn  of  lliver  Moutha. 

TliG  nionthii  of  a  large  pi-opjrtion  of  the  etreanu  known  to 
aticient  uavlgiitinii  are  already  blocked  tip  by  sand-bars  or 
fiu\ialile  dejMMits,  and  tlie  maritime  appniaches  to  river  harbon 
frequentwi  by  ihe  ehipfi  of  Phenicia  and  f?arthage  and  Greece 
and  Ivome  are  shoaled  to  a  considerable  distance  out  U)  sea. 
Tlie  inelination  of  the  lower  eonrse  of  almost  every  known  river 
bod  has  been  considemldy  rcdneed  witliin  the  historical  peri«jd, 
and  niitliing  but  great  volumo  of  water,  or  exeeptiunal  rapidity 
of  How,  now  enables  a  few  largo  streams  like  the  Anuuuin,  the 
La  Plata,  tlie  Gauges,  and,  in  a  Ic««  degree,  Uie  MiebisAippi,  tu 

*  Tlie  pruMat  luuiiuJ  Gxtcnuioa  of  tha  DaltM  ia,  if  pezcaptibts,  kt  «U  eroaU 
rory  mnnll.  Aiyvtnling  to  rome  nutboritiM,  a  fftir  hocLm«  we  wldod  mr%ay 
y%Ki  lb  each  Nile  mouth.  Othan,  unoog  whom  I  mnf  nMntion  FnM«,  desj 
that  there  In  nnjr  rxuuuion  at  •!!,  the  dirpodt  beioff  balanced  bf  a  Moolar  d*- 
ptMsIou  of  the  oouifb. 

Blia^e  Beclim  state*  that  the  Delta  odvanoM  aboat  40  todiM  per  jreu,- 
TVrw,  L,  p.  500. 
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carry  their  ovm  depotiu  far  enough  out  into  deep  water  to  pre*- 
vout  the  fonnatiou  of  se  rioua  obfitmctionB  to  uartgatiim.  But 
the  tjc^iiidalion  of  tlioir  bauks,  oiiil  the  ti-aneiKtrtatiuii  of  earthy 
matter  to  the  sea  hy  tlieir  cui'i-enta,  aro  gradually  fiiltiig  up  the 
estuaries  cveu  of  those  mighty  fluodiiT  anil  unless  tlie  ihreatoiioU 
evil  fehall  he  averted  by  Uio  acliuii  of  ge4ilugi(^!al  furce«,  or  by 
aniticial  coutrivauccfl  more  ofHcient  than  dreU^ng-iiiatJiines, 
the  destruction  of  ever}-  harbor  in  the  world  which  receives  a 
coiisiderabJe  river  niuHt  iuevit«bly  take  place  at  no  very  distaut 
date. 

This  rosiilt  wouhl,  perhaps,  have  followed  iu  some  iui^cula- 
hly  distant  future,  if  mau  had  nut  coaie  to  iulwhit  the  earth  aa 
Boou  as  Uie  uatiiml  forces  which  had  fonned  its  surfaoc  had 
arrived  at  such  an  appmximate  equilibrium  that  his  existence 
ou  the  glubu  wa6  possible  ;  but  the  general  effect  of  \ih  iudus- 
trial  upuratiuns  lias  been  tu  acuitlerate  it  imiiiunovly.  Kivers^in 
ooiuitries  planted  by  nature  with  fui-c^U  aud  never  inhaliitod  by 
man,  employ  tlie  little  eartli  aud  gravel  tliey  traus|xjrt  cliiefly 
to  niise  their  own  beds  aud  to  form  plain&  iu  their  basins,  Iu 
their  upjwr  courec,  where  the  current  i&  swlfteet,  they  arc  most 
heavily  charged  with  coan>e  rolled  or  euijpcuded  matter,  and 
this,  iu  floodf*,  they  deposit  on  their  shores  in  the  mountain  val- 
leys where  tlioy  rise  ;  in  tlicir  middle  uounsc,  a  lighter  eaith  la 
spread  over  the  Itottoin  of  tlieir  widening  basins,  and  forma 
idains  of  moderate  extent;  ttiu  Enc  silt  which  floats  farther  is 
deposited  over  a  still  broader  an^a,  or,  if  rarricd  out  to  sea,  is 
in  great  part  quickly  swept  far  off  by  marine  cuiTeiits  and 
drDp{)ed  at  last  iu  deep  water.  MauV  ^  iiuprovemuut  '*  of  the 
soil  iucrcAecs  the  erosion  from  its  surface ;  lus  arrangements 
for  confining  the  lateral  spread  tif  the  water  in  floods cuuipel  tho 
rivera  to  trunsjxjrt  tu  their  uioutlis  the  cjiilh  derived  from  that 
erosion  even  in  their  npf>er  cuurse;  aiul,  c*>nsequuntly,  theiuKH- 
meut  they  deposit  at  their  outlets  is  not  only  niiich  larger  iu 
quantity,  hut  coraposod  of  heavier  materials,  which  sink  more 
readily  to  tlio  bott«>m  of  tltc  sea  aud  are  less  easily  removed  by 
marine  currents. 
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The  tidal  movement  uf  tlic  ocean,  deep-sea  currciitF.  and  the 
iigitariuii  of  inland  waTcrR  by  the  winHj  lift  up  tho  sands  strewn 
ttvor  Uie  lnjU/tiii  hy  diluviHl  etrofltiiH  or  Bent  down  by  monnfntn 
t^nTiite,  and  tlirow  them  up  on  dry  ]and,  or  doi^KwIC  them  in 
flhelterod  baye  ntid  mmkBof  the  const — for  the  flowing  is  strong- 
er rhan  the  ebbing  tide,  tlic  aHliicut  than  tlie  refluent  wave. 
This  cause  of  injnry  to  harbors  it  is  not  in  man's  power  to  re- 
aifit  by  any  means  at  present  available;  hnt,  as  we  have  seen, 
Komething*  can  be  done  to  jtrevont  tJie  degradation  of  higii 
•.■r.mnds.  and  to  diminish  the  qutiiitity  of  eartli  which  is  annu- 
ally abstracted  fj-oni  tho  moinitainSj  frnm  table-lands,  and  from 
riverbanks,  to  raise  the  U»ttom  of  the  sea. 

Tliis  lattercanse  of  harbor  o1>9trnction,thongh  an  active  a^nt, 
is,  nevertheless,  in  many  easuB,  the  less  powerful  of  tlte  two.  The 
earth  snspendod  intlie  lower  course  of  flnWatile  cnrrontsiB  lighter 
than  sea-eand,  river  water  lir;hter  than  sea  water,  and  hence,  if  a 
land  stream  enters  the  sea  witli  a  considerable  volmnc,  its  water 
flows  over  that  of  the  sea,  and  bears  its  slirne  with  It  until  it  lets  it 
fall  far  from  shore,  or,  as  is  more  frequently  the  case,  minglei 
with  Bonto  niftriiio  ciirrent  and  tnmsports  its  sediincMl  to  a  m- 
moto  jioint  of  deposit.  The  earth  borne  out  of  Uie  months  of 
tlie  Nile  is  in  part  carried  over  tho  waves  whiuh  throw  up  sea- 
sand  on  the  beach,  and  deposited  in  deep  water,  in  part  drifted 
by  the  current,  -which  sweeps  cast  and  north  along  tho  couts  of 
Ejr;vpt  and  Syria,  and  lodged  in  every  nook  along  the  shore — 
uitd  aiiiontr  othun*,  to  the  great  detritncnt  of  tlio  Suez  Canal,  in 
tlie  arlifli-ial  harbor  at  its  nurtlieni  terminus — and  in  part  l>ome 
along  until  it  finds  a  final  reeting-pltice  in  the  north-eastern 
angle  of  the  Me<literranean.*  Thus  the  earth  loosened  by  tlie 
rude  Abyssinian  ploughshare,  and  washed  down  by  the  rain 
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*  "  Tho  Btream  oarrlca  thin  mud,  eic ,  nt  fint  farther  to  the  esat,  and  oalj 
I«U  It  fall  wber«  the  force  of  tho  oarrent  beconiM  waKkeiud.  Tlila  *xpluu 
tlifl  oouCinuKl  odvancv  of  the  land  soawari  along  Iba  SjrTun  ooMt,  in  ootur- 
(]n«[ic«  of  wliicli  T>r«  and  BUou  no  lonp^r  lie  on  the  ahore.  bat  aootA  (Iktaaot 
UUaimL  Tlial  llm  Nile  oonLritiutea  to  tbu  dflifoait  tnaj-oasil^  bo  sped,  rm  hf 
tho  nntdeadflc  observer,  from  the  Maia«d  and  turbid  diaiaotcr  of  th«  wmlvc 
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from  tite  hills  of  Ethiopia  which  man  haa  stripped  of  thoir  pro- 
tecting forests,  contributes  to  raise  tho  pUine  of  Eg^pt,  to  ahoal 
tlie  uiaritime  channels  which  Uiad  to  the  city  huilt  hy  Alexan- 
der Dear  the  niuiith  uf  the  Nile,  to  obstruct  tho  artiliuinl  ouni- 
mniiieojion  between  the  Mediterranean  and  the  Ked  Sea,  and 
to  till  up  tho  harbors  made  famous  by  Phenician  oummorce. 


Dejxmts  of  tht  Tuscan  Rvwr9> 

Tlie  Anio,  and  all  the  rivurB  riislng  on  the  woKtem  alnpea 
and  »purs  of  (he  AjicunincB,  cany  down  imraen»a  quantities 
of  mud  to  tho  Mediterranean.  There  can  bo  no  duubt  that  Uie 
Tolumo  of  earth  so  transported  is  very  much  greater  than  it 
would  have  been  had  tho  soil  about  the  headwaters  of  those 
rivurs  cuntinuod  to  be  pn^tected  from  waeli  by  forests;  and 
there  is  u»  little  que«tiou  tliat  the  quantity  borne  out  to  Hea  by 
the  rivers  of  Weateni  Italy  \a  mncli  inereased  by  artifluial  em- 
bankmeutiif  because  they  are  thereby  prevented  from  spreading 
over  the  sorface  the  sedimentary  matter  with  which  tliey  are 

for  m».jty  mitra  froin  i\M  mvothiL     Bhipa  oFt«D  encountor  flostiiif  miMWi  of 
IlUa  mad.  uiil  Dr.  CUrka  Uiiu  doacritwi  a  caM  of  tlii>  wit : 

**  WliQa  w«  w«ra  at  tebl*,  m  h«m»l  tha  Hflon  wfao  w«n  tbtvwioK  Um  laad 
■nddaiiljr  try  oat :  '  Tbn«  and  a  half  I  *  Tba  »liJp  Bbaksoad  bar  waji  and 
Twnxl  ■bool  A*  iho  «bdb  rooad,  Uia  vbobt  mutmea  at  ibe  water  wu  Beea 
to  bo  ooTcrod  with  tliiok,  black  mod,  which  extaodod  k>  far  that  it  app*az«d 
Uhe  to  bland.  At  tli«  mme  lime,  acCiul  land  wiw  nowhore  to  b«  M-no— cot 
vnm  Tram  lh»  masfc-liead — nor  waH  aigr  ootico  of  wwAi  a  ehoal  to  bo  f  ooikd  on 
way  dual  on  board.  TIk  fiot  is,  as  wa  IsaniDd  afturwaidi,  that  a  ntratan  o< 
mud,  atnuihiiig  tron  the  mootha  of  tho  NUo  for  maigr  niUa  out  into  tha  opoa 
■ea,  toRU  a  morablo  deposit  alouff  the  Eg^ptiaa  coast.  If  this  d^^-post  is 
drirsD  flonranis  bj  powerfal  commla.  it  aomotiiaM  ziHs  to  the  sotOmmi,  and 
fliSBfflMi  the  mariner  I7  Uia  anddoD  sppeatwioe  of  riioala  vbara  tha  oharti  load 
Uia  to  tatpeet  a  ooaridecaUa  dapth  of  water.  Bat  thcas  ttaata  of  nod  ara,  la 
reaU^,  not  in  the  least  daagtsoBS.  As  soon  aa  a  ahip  utrikoa  thoai  Uwj  break 
up  at  ouDU.  and  a  frigate  tnaj  bold  her  ooarw  la  perfect  asfetjr  where  an  inex- 
perienoed  pilot,  mialed  b;  his  soandinea,  wotdd  ever7  moment  trspeot  to  be 

Mnaded."— B^maa,  DmMUUbnffr.  pi>.  1S8, 189. 

TUa  pbeaoaienon  is  not  peculiar  to  the  lonalttjr  fat  qnestlaa,  and  h  la  faa- 
qaetttljr  ofaaunvdiu  tho  QuU  of  Dengal,  and  utUez  great  maaat  oetaariea. 
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charged.  The  western  coast  of  Tuscany  has  advanced  some 
miles  eeawards  within  a  very  few  centuries.  The  bed  of  the 
Boa,  fnr  a  long  distance,  has  been  raised,  and  of  conrse  the 
rclntive  elevation  of  the  land  above  it  leesened ;  hartjors  }iA\e 
been  fiHi>d  np  and  dceti-oyed;  long  lines  of  c^oaet  dunes  h»vo 
been  formed,  and  the  diminishfid  inclinatirm  of  the  beds  of  the 
rivers  near  tlicir  outlets  has  caused  their  waters  to  overflov 
tbpir  banks  and  convert  them  into  pestilential  marshes.  The 
territorial  extent  of  Western  Italy  has  thus  Ijeen  considerably 
increai^d,  but  the  amount  of  soil  Iiabitable  and  cnltivablft  l»y 
man  has  been,  in  a  Btill  higher  proportion,  diminishi^d.  Tlie 
coast  of  ancient  Etmria  was  filled  with  preat  commercial  towns, 
and  their  rnral  environs  were  occupied  by  a  lai^  and  pro*- 
peroua  population.  Rut  maritime  Tutteany  has  lon^  been  eiDC 
(►f  the  most  iitdieallhy  diwrrietfi  in  Christendom ;  the  famons 
Ktruecan  mart  of  Popnlonia  has  scarcely  an  inhabitant ;  the 
coast  is  almost  aljsolutely  depopulated,  and  the  inalarioui 
fevers  Lave  extended  their  ravages  for  into  the  interior. 

These  results  arc  certainly  ii«^t  to  be  ascribed  wh()ny  to 
human  action.  They  arc,  in  a  large  pr(.ii.K>rtiun,  duo  lo  got>- 
logical  canses  over  which  man  has  no  conti-ol.  Tho  wU  of 
much  of  Tuscany  becomes  pasty,  almost  fluid  oven,  na  soon  as 
it  is  moistened,  and  when  thoroughly  satnratod  with  water,  it 
flows  like  a  river.  Such  &  soil  as  this  would  not  be  completely 
pmtectcd  by  woods,  and,  indeed,  it  would  now  bo  diflicnli  to 
conlinc  it  lon^  enough  to  alhiK'  it  to  cover  it.self  with  foreeC 
vegetation.  Ncvertljeless,  it  certainly  was  onee  chiefly  wooded, 
and  tlic  rivers  which  flow  through  it  must  then  have  bron  much 
less  chared  with  ejirthy  ntiitTi^r  than  at  present,  and  Uioy  most 
hare  carried  into  the  sea  a  smaller  proportion  of  their  eedimoflt 
when  they  were  free  to  deposit  it  on  their  banks  than  8ino6 
they  have  been  confined  by  dikes. 

It  16,  in  general,  true,  that  the  intervention  of  man  hw 
hitherto  seemed  to  insure  the  final  exhaustion,  ruin,  and  desola- 
tion of  every  proWnce  of  nature  whicli  he  has  rc<lnee<l  to  hts 
dominion.     Attila  was  only  ^ving  an  energetic  and    pictn- 
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reeque  exjM-cwion  to  tlio  trndenciea  nf  hniiiaii  action,  as  per- 
«uiutied  ill  himself,  nben  lio  said  that  **»»  grsaa  grew  where 
lit8  hursc's  Inwfs  had  irod.*'  The  iuotancee  arc  few,  n-hcrc  a 
second  civilization  has  floiirighod  upon  tbe  rniiis  of  an  ancient 
eiillnre,  atid  lands  once  rt'Tidered  uin'nliatutalile  by  Ininmn  arta 
or  nt'jjlcct  ha\-e  goiiemlly  hccn  forever  abandoned  as  hopelowly 
"  irreclaimable.  It  is,  as  I  have  Ijoforo  remarked,  ft  qiiestion 
of  vast  imiK>rtance,  liow  far  it  is  practicaV'Ie  to  restore  the 
garden  we  have  waated,  and  it  is  a  problem  on  -which  expe- 
rience throwB  Httio  light,  iKx-ause  few  deliberate  attempts  have 
Jet  lK:en  made  at  tlic  work  of  phy&ical  i-egenL>nuiou,  un  u  i>ealc3 
large  enough  to  warrant  general  conclusions  in  any  one  ulasfi  of 
caiieA. 

Tbe  valley's  and  shores  of  Tuscany  form,  however,  a  striking 
exception  to  this  remark.  The  suecess  with  which  bninaii 
jHiidunce  has  made  tlie  operations  of  nature  hor«eIf  available 
fnr  l!io  restoration  of  her  dif-turbcd  haniioniee,  in  the  Yal  di 
Cliiaim  and  the  Tuscan  Mareiunia,  is  among  the  noblest,  if  not 
the  most  brilliant  achievements  of  modera  enpineerin|r,  mid, 
regarded  in  all  its  1>oaring9  on  tlie  great  quet^tinn  of  which  I 
have  just  spoken,  it  is,  as  an  example,  of  more  importance  to 
tlic  general  interests  of  humanity  than  tbe  proudest  work  of 
internal  intprorement  that  mechanical  means  liave  yet  con- 
structed. The  operations  in  tlie  Vat  di  Chiana  have  coiisteted 
chii'fly  in  so  rcgnltiting  tbe  flow  of  the  surf  ace-waters  in^>  and 
thmugh  it,  as  to  comjuil  them  to  dejiosit  their  pcdiincntary 
matter  at  the  will  of  Uie  engineei-s,  and  thereby  to  raise 
gronnd*  rendered  insalubriooa  and  nnlit  for  agricultural  use  by 
stagnating  unter;  the  improvements  in  llie  Marcmiuu  hai-ccm- 
braee<l  both  this  method  of  elevating  the  level  of  the  soil,  fm<l 
the  provention  of  the  mixture  of  salt-water  with  frmh  in  th« 
coast  marshes  and  shallow  bays,  whirh  ts  regarded  as  a  very 
active  catise  of  the  development  of  malarious  influence*.* 

*  The  Iket  thsA  Um  mtxiaf  at  mit  toA  tnA  mtsr  In  eoMt  manlwe  mA 
lagottu  h  diliUClou  to  tl»  wnttany  oooditioD  of  tlf  Ttdniij.  Iiti*  iwn  gim- 
•nUlf  mdmiltod,  tbooeh  the  preolM  nmam  why  *  iiibctore  of  t>olb  •houlil  bi 
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Tmj/rove77iefit9  »a  the  Tuscan  Maremma. 

In  the  improvemenU  of  the  TiiscaTi  MAremtna,  forinidt 
difficiiltiea  hare  been  enconntei-ed.  The  tartxiory  to  bu  re- 
claimed was  extezisive  ;  the  salubrious  plao«8  of  retreat  ftx 
laborcre  and  iiisiie<jturs  were  remote ;  tlic  L-ounics  of  tlie  riveni' 
to  be  contmllod  were  long  and  tlicir  nattiral  iuuliDatioD  not 
rapid  ;  pmiio  uf  tbein,  rising  in  wwxled  rt-giuns,  traitsportej 
coinpanitively  little  earthy  matter,*  and  alH»ve  all,  the  cons', 

more  injnrlonB  ebon  either  alone,  is  not  altoffother  clear,  tt  lua  been  ■ii(r- 
Ifeated  t)xn.i  Ui»  adiaiuiem  a(  suit-water  to  the  l^ouiui  uiA  riren  killa  inanf 
fresb-wnter  plants  and  ontmalB.  whila  the  fresh  water  \%  iKjiiallf  fntal  u>  mai^ 
mariae  otganuiiu.  antl  that  llm  0);<:oiiiiK>«iti(m  of  the  temaltiB  orljiinBtPe 
poiaoDOtu  raiaoniaia.  Other  tbi^oriPH,  however,  bare  been  propocal.  The 
whole  milijert  h  full;  luul  nhl7  dLwniRwit  tiy  Dr.  Sa?vagnnll  Marchettl  tn  th< 
appviulix  to  lua  ralualde  Uapporto  tul  SintiJitamfHto  dtUt  Martmrng  TkMWMk 
8ee  oIm  the  Mrmon«  Eeowmueo-SUiUnliche  *M£d  Mttremme  Ttmame,  of  th«  mam 
aathor.  A  difTeteot  riew  of  thbi  8iibj«ot  u  token  1>7  R.\rrAnt:ft  aoJ  Ok- 
LAKnTNl  in  AnniUi,  Siftrie»-Vui«>-EeifnomitnitnlS  %n»\fXuhnifl  n^r  Martnmi 
ToHone,  Firense,  1869.  Soc  n3K  the  important  mcnioir  of  D.  P.t!«TAT.so?n. 
DA  Mbuma  fgttaU  4  tUOe  Midattie  iliiuina€icAe,  in  vhioh  the  ricw*  of  &■!- 
va^oli  on  tbla  point  ore  conbotod. 

*  This  difflcalty  htm  bceo  rcmctlied— tbcngh  with  donbtfnl  trenoral  adrao- 
tagfe — ba  tn  our  imiHirtant  rivor  of  the  Maioniiuo,  tho  Pocora,  )iy  clearintta 
nxMintly  executed  aloni?  ito  upper  uonrac  "  The  cmiditlaa  nf  thU  mnnb  and 
of  iln  attioeubt  are  uow,  KoTctuber.  11^59,  latiofa  changed,  and  it  ii  wtriMtte 
lo  pnwecntc  it«  improTcment  by  deposita.  In  oonaeqneaoe  of  the  «xt«>Miiv* 
felling  of  th«!  TCOodn  upon  the  plaina,  hillH,  and  motuitaiiw  of  the  twrrlUirj  at 
Matuui  and  Bcarllno,  within  the  lost  ten  yeani,  th«  Pecora  ami  other  affln- 
etibt  of  Uie  nuuah  receive,  during  the  ralnm,  water  abiiDdaDtl|'  char^nd  with 
aliine,  ao  that  ihe  depontii  witbin  the  finit  diTlrion  of  th«  monh  nr«  alnady 
QOnaidaiBble,  and  we  muj  now-  iioiie  to  eee  the  whole  manfa  nnil  pond  flilrd 
np  tn  a  mQoh  ihofter  time  than  we  had  a  riff  he  to  expnat  before  I6SO1.  Thia 
circuoi>t«noe  totaUj  changes  the  tomui  of  the  <iue»ti<m,  becanao  the  fUltn^vf 
th?  nuLTsh  and  pond,  whiob  t)ien  iioemed  almmt  impmuiible  on  oceownt  ol  the 
■mail  Hnoant  of  ledimetil  ilupcwitvd  by  the  Pecont,  ban  now  bvooma  praoiftim- 
ble." — SALVAO:(oi.t,  Eafipwlo  nU  BimiJIairntnto  dttte  Mamnme  2*(vmim,  |ipL 
U..1U. 

RetwMn  1830  ftud  1659  more  thin  rt!l,0OO.OflO  cnUc  yard*  of  icdinent  w«ni 
dvpoaibad  hi  Lbo  marah  and  nhuul  water  lake  of  Caitij^ooe  alosA, — Saltao* 
suu.  ltaeeoUa<U I>ocamcntti  pp.  71,  75. 


I 


* 


« 


THB  TUeOAM  MiJUMUA. 


ssd 


whieli  is  a  recent  deposit  of  tlie  watvrs,  is  lltllo  elevated  aUivo 
the  sett,  and  a<ltiiite  intu  its  lagoons  and  ilio  moutluB  of  ita 
rivers  floods  of  ealt-water  witli  every  western  wiud,  every  rift- 
ing tide.* 

The  western  cuast  of  Tuscany  is  not  supposed  to  have  been 
an  unhcaltli^'  region  before  tlie  conquest  of  Etniria  by  the 
Konians,  liut  it  wHainly  becamo  so  witliin  a  few  ecuturtcfl 
after  that  evoiiU  This  was  a  natural  consei]uenc«  of  the  neg- 
lect or  wanton  deetriiction  of  the  public  improvements,  and 
espcciaily  the  hydraulic  works  in  which  tlie  Etruiicans  were  60 
skilful,  and  of  tlic  felling  uf  the  upland  furcst-s,  to  satisfy  the 
demand  for  wood  at  R<»mo  for  domeetic,  industrial,  and  iiiili- 
lary  piirjH*eR.  After  the  downfall  of  tlie  IConiait  emiiire,  the 
incuKions  of  the  Itarliariani!,  and  then  fondaliem,  foi-eign  dom- 
ination, intestine  wars,  and  temporal  and  spu-itual  tyrauuios, 
Bgjpvrated  still  more  cruelly  the  moral  and  physical  evils 
which  TiiHcaiiT  and  the  olhur  Italian  States  were  diKmiod  to 
Fuffer,  and  fmm  which  tbcy  have  enjoyed  but  brief  respites 
during  the  whole  periml  uf  rarnlcm  hi&lory.  The  Marcninia 
was  alrtMidy  proverbially  unlioalthy  in  the  time  of  Dante,  \r\io 
refers  to  the  fact  in  several  familiar  paasnges,  and  the  {M>ttT 
tyrants  upon  its  borders  often  sent  criiiiinals  to  placea  of  ron- 
fineuient  in  its  territory,  as  a  slow  but  certain  ntodo  ol  o^tecu- 
tion.  Ignorance  of  the  canses  of  the  insalubrity,  and  oft«n  (he 
interference  of  private  rights,  f  prevented  the  adnptimi  of  ineas- 

*  Tha  ttd«  rl*M  ten  tnehM  an  the  ooftrt  of  Tvmmxtj.  Sm  lleniofr  bj  Fak* 
TOm,  in  tbe  nppcndtx  to  SaltaoitoLI,  Itapptn-lv,  p.  UfS. 

Oa  tbe  iUm  of  the  McditcmnoaR,  mq  B^'TTORK,  Ihtg  Mitltimtmr,  p.  190. 

f  tn  Oatbolio  ooontrios,  the  dtfioipUne  «(  the  <Anrch  requireM  a  menyre  dint 
Bt  oertfun  wsMnui.  and  lu  fiob  is  not  fled),  Ihera  b  a  fn»t  denumd  for  that 
■utiole  of  rood  at  thono  periods.  For  tlie  oopywiieace  of  vumambaim  KoA  tltrir 
petrous,  md  •«  »  Aonnm  of  peonniaty  antahtmnnt  to  eooleelaitkal  e*tiliti«b* 
manti  and  MRB«tiiaca  to  \%j  proptieton,  great  aom'ben  of  astifloial  fljfa-pnadii 
wcra  crratcd  daring  the  Middle  AgvK  Thej  were  geaenllr  challow  pooU 
fononl  liv  (l&mming  Up  the  oatI«t  of  manhoi.  and  tlie;  were  anumg  the  iiitmt 
fmitfal  Bonrrpa  of  endemio  dbwaM,  and  of  tbe  pecoHar  naSgnlt;  of  tlie  e;i^ 
deiuioa  which  do  oftm  ravaged  Bnrope  ta  thotfl  ooatnriaa.  Tbcee  ftooda,  in 
reUgioiu  hands,  were  too  aacml  to  be  Infringed  npon  foi  aanitaiy  purnoacN, 
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iii-es  to  remove  it,  Hud  the  growiu^  political  and  uommcreial 
iia[)t>rtanoe  of  the  htrge  towns  iii  more  healthful  localities 
iibiiorbed  the  attention  of  Govern nient,  and  deprived  the  M«- 
reiuina  of  its  just  share  in  the  s_\'8tenig  of  physical  iinprore- 
inont  wliich  wure  Bucce&sfuUy  adopted  iu  interior  aud  Northern 
Italy. 

Before  any  tterinas  attemiitB  were  made  tn  drain  or  fiM  np 
the  marfi]iea  of  tlie  Maronima,  vntiona  other  sanitary  exjieri- 
ments  were  tried.  It  waa  generally  believed  that  tlie  insalii- 
brity  of  the  pi-ovinee  was  the  conscciiionce,  not  the  cause,  of  iu 
dujK>piilatit)ti,  ami  that,  if  it  wci-e  oneo  deiificly  inhabited,  Uie 
uJiiinary  operations  of  ajn'iciiltiii'e,  and  especially  the  niaiote- 
nance  of  nnnieroiis  domestic  fii-es,  would  restore  it  to  its  ancient 
healthfulnese.*  In  afiajitlauee  with  these  views,  eettlera  were 
invited  fnini  various  pailHof  Italy,  from  Greece,  and,  ofttT  the 
accession  of  tlio  Lormine  princes,  fixnn  that  country  also,  and 
e<  lionized  in  the  Marennna.  To  strangers  coming  from  soiU 
and  skies  bo  unlike  th(^)flo  of  the  Tnscan  marshes,  tlie  clinuUe 
vras  more  fatal  than  to  tho  inhabitants  of  the  neij^bborin^  dt*- 
trictH,  whose  constitutions  had  become  iu  some  degree  inttrod  to 
the  local  influences,  or  who  at  least  knew  better  how  to  guud 
against  (item.  T\m  cmveeqnoncc  very  naturally  wns  that  the 
experiment  ti>lally  failed  to  produce  the  desired  effciits,  and 
was  attended  with  a  grcut  sacrilice  of  life  and  a  heavy  K*6  to 
tUo  treasury  of  tlie  state. 

The  territory  known  as  tho  Tuscan  Marcmma,  ora  maritwa, 
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•ad  irbeii  bBlon^^  to  poverful  Iv  lonU  thejr  were  vlmeat  h  fmioUU*. 
TJw  nghl*  of  fijilierj  wom  a  standing  oWtoole  to  evei;  propoaot  of  fajdnnlio 
improTemeiit,  and  to  this  day  l&rge  nud  fiilila  dUirioUi  In  SouUien  BurotM 
ri-inaia  tuMj  And  almost  nnimproTod  and  miiuliatiit«cl,  b«G»u»e  Lbn  di^idBf 
of  the  potuifl  'apon  tbem  would  rvdnoe  the  income  of  proivielon  who  deiiva 
luve  prolll*  hy  tiu|>)>b'm(,'  Hk  fnithfiJ,  in  l>ent,  with  ftkb.  Mid  with  TKriooB 
fipeoiie  of  wnterfowl  which,  tltongh  ret;  fnt,  mo,  eoftl«tiuiUo»Ily  ripralrti^. 

UKVIIfTO. 

*  Slao^hl&Telli  Bdviud  iha  Oorerutnent  of  TwKmnjr  "  to  provide  that  mta 
nbonld  restore  the  whokMmeDeM  of  the  kU  hj  coltiTKtioa,  uid  ptui^  Uw  air 
bj'flrei."— SaltaoXvli,  itfmorie,^.  111. 
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or  Marpmnio — for  tlic  plural  fnrni  ifl  tnoet  generally  Dsed — 
lies  upon  and  near  the  wostcni  coast  of  Tuscany,  aud  comprise* 
ftbont  1,900  Bqiiare  miles  Englisti,  of  which  500  sqaaro  miles, 
or  S90,000  aCTM^  arc  plain  nnd  titarsh  including  45,500  acre* 
uf  wa(«r  eurfsoe,  and  about  2iMV'O0  acres  are  fnreat.  One  of 
the  mountain  peaks,  that  of  Moimt  Amiata,  risca  to  tlie  height 
of  6j280  feet.  Tlie  motintaine  of  the  Maremma  are  Iiealthy, 
the  lower  hills  much  lesi  ao.sa  tlic  malaria  Is  felt  at  some  points 
at  the  lieight  of  1,000  foot,  and  the  plains,  with  tlie  exception 
of  ft  few  localities  favoraldy  Bitiiatcd  on  the  Bcacoa&t,  are  in  a 
high  degree  pnetilontial.  Tbo  fixed  pipulation  is  about  SO.OOO, 
of  whom  one-sixth  live  on  the  plain?  in  the  winter  and  atwnt 
one-tenth  in  the  Buramer.  Nine  or  ten  thousand  laboreni  come 
down  from  the  mountains  of  the  Marcmma  and  the  neighbor- 
ing provinces  into  the  plain,  during  the  latter  ecason,  to  eulti* 
Tate  and  gatlier  tlie  crope. 

Out  of  this  small  number  of  inhsbltimte  and  strangers,  85,- 
fil9  were  ill  enough  to  require  medical  treatment  between  the 
l^'t  of  June,  1840,  and  the  Ist  of  June,  1841,  and  more  than 
ono-hair  tbo  cases  were  of  intermittent,  malignant,  gastrie, 
or  catarrtial  fever.  Very  few  agnenltnntl  laborers  twajwl 
fever,  though  the  iHseaee  did  not  alwavs  manif(«t  itself  until 
they  bad  rctunicd  to  the  mountain».  In  the  pr^tvinw  of  Gros- 
seto,  which  embraces  nearly  the  whole  of  the  Maremnia,  the 
annual  mortality  was  3.02  {>er  ceiiL,  (he  avei-ag(>  diiratitni  of  Ufo 
bat  2'i.lH  years,  and  75  per  cent,  of  the  deatlitt  were  among 
IK'ivins  engaged  in  agriculture. 

The  filling  np  of  the  low  grounds  and  (he  partial  separation 
of  the  watore  of  the  sea  and  the  land,  which  had  1>ecn  tii  pro- 
gress fiince  the  year  1827,  now  began  to  show  very  decided 
elTects  upon  the  sanitary  condition  of  tlie  population.  In  the 
year  ending  June  Ist,  1842,  the  number  of  the  »ick  was  ro- 
dured  by  more  than  2,0fKi,  and  the  cases  of  fever  by  more  than 
4,000,  The  next  year  the  caaes  uf  fever  foil  U>  10,50*1,  and  in 
that  ending  Juno  1st,  1S44,  to  0,200.  The  jioliUcal  events  of 
ism,  and  the  preceding  and  followiug  years,  oocaaionod  the 
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BUBpengioa  of  the  works  of  improvement  la  the  Maremma,  but 
they  were  resmued  after  the  revoliitiiLin  uf  1859. 

I  haro  s]xjken  with  some  detail  of  Ute  improToments  in  the 
Tuscan  Mai-emma,  becAUse  of  their  great  relative  importaDoe, 
and  heL-ange  their  histf>r}'  is  welt  knuven  ;  but  like  operationa 
have  liecii  cxcuuted.  in  the  territor)'  of  Pisa  and  upou  the  ouaet 
of  the  tliichy  of  Lucea.  Tn  the  latter  case  they  were  confined 
priin'i|)ally  to  prevention  of  the  intermixing  of  frath  nraler 
with  that  of  tho  sea.  In  1741  ainicea  or  lock-gatea  wore  con- 
Btntcted  for  this  purpose,  and  tlie  following  year  the  ferete, 
which  had  been  dcstriR-tivc  to  the  coast  ix}pulation  for  a  long 
tiiHO  prcvicniB,  difiappearoil  ultojrctlmr.  In  17CH  and  17tJ0,  tho 
works  ]ia\ing  fallen  to  deeay,  tlio  fevers  retnnied  !u  a  very 
malignant  form,  but  the  rebuilding  of  tlie  gates  again  re£lf>red 
the  heaUhfuli]e»8  of  the  shore.  Similar  facts  reeurreil  in  1784 
and  1785,  and  iLj^in  fnjtn  ISOitolSiil.  This  hniK  and  repeated 
experience  has  at  last  impressed  uptm  the  people  the  iicceautj 
of  rigilaut  attention  to  the  Bluicc^  which  are  now  kept  in  con* 
Rtaiit  repair.  Tfie  health  nf  the  c^jast  m  nninterruptod,  and 
Viareggio,  the  capital  town  of  the  district,  is  now  much  fre- 
quented for  its  sea-baths  and  its  general  salubrity,  at  a  MMcn. 
when  ftirmerly  it  was  juslly  shuuued  as  tlie  abode  of  diaeasa 
and  death.* 


Improvements  in  the  Veil  di  CAutna. 

For  twenty  miles  or  more  after  the  rcmoteet  headwaters  of 
the  Amo  have  nTiited  Ui  form  a  cnnsidorable  stream,  this  rirer 
flows  Ronth-eastwanU  to  tho  viLnnity  of  Arezzo.  It  hero  sweeps 
round  to  the  north-west,  and  follows  that  course  to  near  ita  jtmc- 
tion  with  the  Sieve,  a  few  miles  above  Florence,  fn)m  which 
poiTit  ita  general  direction  is  westward  to  the  sea.  From  the 
bend  at  Arezzo,  a  depression  called  tho  Val  di  Cliiana  rum 

*  Otoaomi.  Bur  U*  cavnt  <&  Vlnmluhrili  dt  Fair  dans  It  t^>mnaffe  dm  m»' 
r»it,  ete.,  lue  d  VAeadSmitdM  Seimet*  d  Purtt,  le  18  Joillet,  1880.  Bapnaud 
in  Saltaqxoli.  Rnpporto,  Hc^  appcadio*,  p.  6,  #i  t^. 
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M-yath-oastwards  niitil  it  strikes  into  the  valley  of  the  VagHft,  a 
Tributary  of  the  Tiber,  and  thus  connects  the  baain  of  the  latter 
river  with  that  of  the  Aruo.  In  the  Middle  Apes,  and  down 
to  the  eig^htcciith  century,  the  Val  di  Chiana  was  often  over- 
flowed and  devastated  by  tiio  torrents  wliiiOi  poured  down  fi-oin 
the  highlands,  transpewting  great  quantitieft  of  slime  with  their 
currenta,  stagnating  upon  its  surface,  and  gradually  converting 
it  into  a  marshy  and  unhealthy  district,  wliich  vrne  at  last  very 
greatly  reduced  in  population  and  productiveness.  It  had,  in 
faet,  heoume  so  desolate  tliat  even  the  swallow  had  deserted 
it.* 

The  l)ed  of  the  Anio  near  Arezzo  and  that  of  tlie  Paglia  at 
the  southern  extremity  of  the  Val  di  Chiana  did  not  differ 
much  ia  level.    The  general  ineUnatiou  of  the  valley  was  there- 


*  Thli  onriooj  tanst  b  Am  >tatod  in  the  piefkm  to  FoMoinbroni  {XeMi>rU 
topra  ta  Vai  di  Chiana,  editioa  of  1S3S,  p.  xui),  from  wbiofa  alao  I  bonrow 
moHt  of  the  Sa.t»  hereafter  prtn  with  rc«psot  to  that  TMllcy :  "  It  ta  perhapa 
not  uoivcnuUljr  kiiuwit,  Ikat  UioitwiUlnwii.  which  oonw  ham  tba  north  |«outh] 
to  «pend  tb«  minmAr  In  our  <:iunuo,  do  not  freqnent  m&nib^  diicriDtii  with  a 
tualarluuM  iitiaoM|)liRm.  A  imxtt  i>f  Iho  rwtorntion  of  Mtlulmtjr  in  llie  Val  di 
Cliiatin  la  farnbho'l  hf  thMcaSrial  vlatton,  wfaiah  had  tMver  befora  bam  aeao 
in  tboMj  low  {[TmiodK,  but  wUob  hava  appoatad  witbio  a  few  jraata  at  Forano 
and  otiier  polnU  xlnilUrlT  •itoatod." 

1m  tho  ait  of  Bwauiija  Uoitruutive  to  Uio  awalloira.  or  t>  th«ir  absence  in  luch 
loealltie*  inercl/  dne  to  tb«  want  of  hnman  habitations,  »«ai  which  this  holf- 
domoatio  bird  luveg  to  bi«Ml,  perh&|ja  t>ecau»e  the  boiue-Ily  and  other  iuMota 
which  follow  man  are  fmnd  only  in  the  violidt^  of  bis  dwellin)fi  * 

In  almunt  all  Eurojieaii  ooontriaa  tba  swallow  is  protected,  b;  popular 
opinion  or  HDimntitioD,  from  the  petaeoatloa  to  which  alinost  all  other  btitls 
aia  aabjoct.  It  is  )K>Mible  tbot  this  rospovt  for  the  owollow  u  fmiuded  u|(OD 
andaDt  observadoa  of  tlio  faat  just  atatnd  on  the  aothority  of  FonotntironL 
Ignoruioe  mistahai  th«  affeot  for  the  oaaaa,  and  the  afasaaoe  of  (his  bird  may 
hava  bean  aupposad  to  bo  the  oooaiioii,  aot  Iho  ooaiaqaenoo,  of  the  unbcalthl- 
DMa  o(  putjoolar  locaUtiaa.  This  opIaloB  oooo  adoptod,  the  swallow  would 
baooma  ■  aaorad  bird,  nul  In  iirooeas  of  Uma  fablea  and  legaoda  wonld  be  in- 
x-«iitod  to  give  additional  sanction  to  the  projndioM  which  proteotod  it  Tba 
Uuinoms  ooosidBiad  the  awallotr  as  uoRMNTnitwl  U>  lb«  Peoatoa,  or  haasnholil 
tfoda,  and  aooocdliic  to  Peretti  (Lf  Srrxiu  tlet  VUU^io.  p-  113;  tba  Lombard 
poaaiit<7  think  it  a  sic  to  kill  Lbam,  biMnaua  Ibaj  ara  b  gaUiuOt  <M  SijfMtt*, 
lhadileltcna  of  tb«  Lord. 
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foreBiimll;  it  does  not  appear  to  liave  ever  been  divided 
upiKwita  elopes  hy  a  true  wateralicd,  aud  the  poeitioa  of  the 
fiuminit  seeim  to  have  shifted  fle(;ordin^  to  tlio  varving  amimiit 
aud  place  of  dejHJsit  of  the  eediinciit  bivnght  douii  li^-  the 
lateral  streams  wbidi  caiptied  into  it.  Tlie  length  of  its  ]}riaci-fl 
pal  cliiinticl  of  drainnge,  and  oven  the  directiou  of  its  floir  at 
anv  fciven  point,  were  therefore  fliiclimliiifr.  Ileucc,  mut-hdif- 
ferfiiioo  of  opinion  waA  entertained  at  different  tmics  with  re- 
gai-d  to  the  normal  course  of  this  stream,  and,  consequcnllr,  to 
the  question  wliether  it  was  to  be  regarded  as  properly  an  affia- 
9nt  of  tho  Tiber  or  of  tho  Aruo. 

Tlie  bed  of  tho  latter  river  at  the  bend  has  been  orodod  to 
the  deptli  of  thirty  or  forty  feet,  and  that,  api}arent1yy  at  do 
very  remote  period.*    If  it  wero  elevated  to  what  was  evidently 
ita  original  height,  the  curreiit  of  the  Anio  would  be  eo  ma<^h 
above  that  of  tho  Paglia  ae  to  allow  of  a  regular  flow  fnjtn  Ita 
channel  to  tlie  latter  stream,  through  the  Val  di  Chiana,  pn>- 
vidcd  the  bed  of  the  valley  had  ruuiaincd  at  the  level  whirh 
excavatiuns  prove  it  to  bnve  bud  a  few  centuries  ago,  before  ic 
waa  raised   by  tlie  deptisits  I  have  mentioned.     These  facts, 
together   with   tlic  teatimony  of  anciqnt  geographers   which 
Pcarut'Iy  a*iinite  of  any  other  ux  pi  a  nation,  are  thought   to  prow 
tliat  all  the  waters  of  the  lJ()per  Arno  were  originally  il»- 
charged  through  the  Val  di  Chiatia  into  tlie  Tiber,  and  IhaJ  ■ 
part  of  them  still  continued  to  flow,  at  least  occasionally,  in 
that  direction  down  to  the  days  of  the  Roman  empire,  aud  per- 
haps for  &ome  time  later.     The  depression  of  tho  be<]  of  tlte 
Arno,  and  the  raising  of  that  of  the  valley  by  the  deposits  of 
the  lateral  torrents,  finally  eut  off  thebraneh  of  the  river  which 
had  flowed  lo  the  Tiber,  and  all  il«  wat«iv?  wore  tumeil  into  its 
preseut  channel,  though  the  draiuo^  uf  the  principal  part  of 
the  Val  di  Chiana  appears  Ur  have  been  in  a  Bonth-eastw&rdly 
direction  until  ^\'ithin  a  comparatively  recent  period. 

*  AUo  geologists  iiifur  tram  recent  uivosti^tions.  tbat,  KlUtooffh  Um  Ana 
flowed  to  thfl  MBtb  within  thn  pliocoiiio  |>flrijid.  the  direolJob  of  it*  oouch  «a 
obaayed  at  an  culler  cpoiji  thus  that  mppooetl  ia  th«  (exL 
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In  the  sixteenth  ceiitiir)-  the  elevntioii  uf  the  l)cd  of  the 
vRlluy  had  become  8o  cou«ideraIile,rhnt  in  1551,  nt  a  point  altuut 
ten  milee  ioiith  uf  the  jVriio,  it  wun  found  to  Imj  duI  \iM6  tJiaii 
one  hundretl  and  thirty  feet  above  tJiat  river;  tlien  followed  a 
level  uf  ten  milcK,  and  then  a  continnuue  deeoeut  to  the  Poglia. 
jUong  tiie  level  ytortion  of  llic  vallt-y  wa»  a  lioataMe  channel, 
and  laktid,  sometimes  a  mile  or  even  two  niile«  in  breadth,  hail 
furnicd  at  various  |M)int«  farther  south.  At  this  period  tiie 
drainage  of  tbo  ftiiininit  love!  inij^ht  eaiiily  have  been  dcter- 
mini'd  In  ciiJicr  direction,  and  tJie  opiHwitr  dtwcnte  of  llie  val- 
ley made  to  culminate  at  tlie  north  or  at  the  south  end  uf  tlie 
l»!vel.  In  tlic  fonner  uaae,  the  watfr^hod  would  have  iHjen  ten 
miles  6tmth  of  the  Arno;  in  the  latter,  twenty  milt*?,  and  the 
diri&ioii  of  the  valley  into  two  uppo&ite  sIojicb  would  liavc  been 
not  very  unoqnal. 

Various  schemes  were  suggested  at  this  time  for  drawing 
of[  tlie  htjignant  watere,  as  well  as  fur  the  future  regular  drain- 
age of  the  valley,  and  Hiiiall  operations  for  tlioeo  ptirjHJtiL-A  were 
undertaken  witlt  })artial  ^ucue«8;  but  it  waa  fearud  that  the 
dUeharge  of  the  accniunlated  waters  into  the  Tilwr  woiUd  pnv 
duee  a  dangerous  inundafiou,  while  the  diverHioii  of  the  drain- 
age into  tlie  Arno  would  inefeatie  the  violence  vf  lite  tlood«  ti> 
which  that  river  was  very  Kulijei^t,  and  no  decisive  stcpe  were 
taken.  In  160G  an  engineer,  who«e  name  haa  not  been  pre- 
■ened,  proposed,  as  tlie  only  posiUble  method  of  improvement, 
the  piercing  of  a  tunnel  through  tlic  hills  Iwundiug  the  vaUer 
«n  the  west  to  convey  its  waters  to  the  Ombrone,  but  the  ex- 
pense and  other  objections  prevented  tlie  odojtlion  of  this 
stdiemo.*  l^ie  feant  of  the  Roman  Uoveniment  for  the  safety 
of  the  basin  of  the  Tit>er  had  indii<;e<l  it  to  construct  enibauk- 
nients  across*  the  jwrtion  of  the  valley  lying  within  its  territory, 
and  tlieee  obstructions,  though  nut  Ajtecifioilly  iutcndeil  for 
that  purpose,  naturally  pn'moted  the  dep*it  of  ecdimriit  and 
the  elevation  of  Uie  bu«l  of  the  valley  in  tlieir  neighUjrbtKxl. 
The  effect  of  this  nieafiiirc  and  of  the  continued  spontaneotu 
*MOROZZi,  iMUoHatodAT  Atw,  U.,  pi^  3)tf,  «Ul 
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action  of  the  toiTcuts  was,  that  tho  nortberii  bIojh?,  winch  in 
1551  had  coniiiieiK-urJ  at  tho  distance  of  ten  niiles  from  tbe 
Anio,  was  found  In  1605  to  begin  nenrly  11111*15  m"I»^  si>uth  of 
that  river,  mid  In  10+5  it  had  been  reotoved  about  aix  miles  far- 
ther in  the  same  direction.* 

In  the  seventeenth  cenhiry  the  Tuschii  and  pHjml  Govent- 
meiits  oonfliilted  (ialikHi,  ToiTicielli,  Ca&letli,  Ca^ini,  Viviani, 
and  other  distiugiiighed  philosophers  and  engineers,  on  the  po»- 
eibilitj  of  reclaiming  the  valley  by  a  i-c^ilar  anitieial  dnunage. 
Moet  of  these  ciniiteut  physioisU  were  of  ojiinitm  that  the 
measure  was  impracticable,  th<nigli  not  altogether  fi>r  the  same 
rcaeons ;  but  they  secin  to  have  a^ivcd  in  lliiiiking  thai  the 
opening  of  such  channeltf,  in  either  direction,  oa  would  give  the 
current  a  flow  suftieieutly  rapid  to  dmin  tho  landd  properly, 
would  danf^ortmsly  jui;;uiciit  the  inundations  of  tho  river — 
whether  the  Tiber  or  (he  Arni>-^int"  whii*!i  the  waters  should 
be  turned.  The  general  impnjvenieiit  of  tlie  valley  was  now 
for  a  luug  time  aliandoned,  and  the  waters  wore  allowed  to 
t>pread  and  Magnate  nnlil  carried  <"ff  by  jiartial  drainage,  infil- 
tration, and  evaporation,  Tomcclli  had  contended  that  the 
tlojte  of  H  large  j»art  nf  tlie  valley  was  too  small  to  allow  it  to 
be  drained  by  ordinary  uiethuds,  and  that  no  practicable  depth 
and  width  of  canal  would  suffice  for  that  pnrpoec.  It  cuold 
bo  laid  dry,  he  llnnight,  only  by  converting  it*!  surfaco  iiiU»  au 
inclined  phiiie,  and  lie  KuggcslLNl  that  this  might  bo  accom- 
plished by  controUing  the  How  uf  the  nnmoroua  torrents  vhich 
I>our  into  it,  bo  as  to  force  them  tu  deixjsit  their  sodlmont  at 
tlie  pleasure  of  tlic  engineer,  aud,  consequently,  to  elevato  the 
levol  of  tlie  area  over  which  it  shuiild  Ikj  Bpread.+     This  |>Iau 

*  MoBOKZt,  DeOettaio,  ffte.,  cMT  Ar/to,  11,  pp.  89,  40. 

f  Tarrioelli  tJiu<  expreiMod  hlmiKlf  on  tim  i^nint :  "  If  we  ooatetit  ottmlTW 
with  wlijxt  nAtnn>  hiut  mnilo.  pnu.-tlca1ilc  to  hnmAn  indiiAtTy,  we  Bhall  cndftfttv 
to  coTitroL,  Ml  fjtr  »  |»M»iblv.  tho  outlMbt  '>t  th«»«  atxcama,  whk-h.  hv  niifa^ 
tbe  bed  of  the  valley  with  tliolr  dt<|)rwitH,  will  realiae  the  fslile  of  ihf  l^fot 
mid  the  Pactolua,  kod  tru!)'  roll  p>Meii  naiid*  for  bin  tliat  !■  wiaa  «uni(k  IB 
avail  himaalf  at  thom. "— FuSBoiutiuiM,  Memorie  tt/pra  la  Vat  tH  CJUiM,  n 
91B. 
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did  not  meet  until  immediate  p^noriLl  ftcccptaiicc,  but  it  was 
soon  adopted  for  local  ptirposoa  at  some  prtinte  in  the  soutliom 
part  of  tlie  valley,  and  it  gradunllv  j;ww  in  piiMti;  favor  and 
vaa  extended  in  application  until  its  final  triumph  a  hundred 
jearB  later. 

In  spite  of  these  encouraging  guecesaes,  however,  tlte  fear 
of  danger  to  the  valley  of  tlic  Arno  and  the  Tiber,  and  the 
diffiunlty  of  an  agroemont  Iwtween  Tiiseany  and  Rtime — the 
l)Oundary  betweou  wliich  state*  croesed  the  Val  di  Chiana  not 
far  from  the  half-way  point  between  tlic  two  rivers — and  of 
reconciling  other  conflicting  interests,  prevented  the  resump- 
tion of  tlic  pnijects  fur  the  general  dniinnge  of  tliu  vnllcy  until 
after  the  middle  of  the  eighteenth  century.  In  the  meantime 
the  science  of  hydranlics  had  lieeome  belter  underetoiid,  and 
tlie  establiKhment  of  the  natural  law  aceording  to  which  the 
velo*'ity  of  a  enrrent  of  water,  and  of  conrso  the  proportional 
qnantity  discharged  by  it  in  a  given  time,  arc  increased  by 
increasing  its  mass,  had  dituiuishcd  if  not  dissiiwted  the  fear 
of  exposing  the  banks  of  the  Amo  to  greater  danger  from 
inundations  by  draining  the  Val  di  (.Ihiana  into  it 

The  auggeetion  of  Torrtcelli  was  finally  a«loptcd  a»  the  haala 
of  a  comprehenflivo  system  of  improvement,  and  it  wm  deotdwJ 
to  continno  and  extend  tiie  inversion  of  the  original  tJow  of  tJio 
watcn,  and  to  turn  them  into  the  Anio  from  a  point  aa  far  to 
the  south  as  should  be  found  practicable.  Tlie  conduct  of  the 
works  was  connnittod  tu  a  suuoeesion  of  able  engineers  who, 
for  a  long  series  of  years,  were  under  th(t  general  direction  of 
the  celebrated  philosopher  and  etatewnan  Foeaombroni,  and  the 
8ii(-<'es«  hns  fully  justified  tlio  expectations  of  the  most  sanguine 
adv(K'att»  (if  the  si'hcraa  Tlie  plan  of  improvenient  embraced 
two  branches:  tlie  one,  the  removal  nf  «ib«trtu-ti'His  in  the  l»ed 
of  the  Amo,  and,  consequently,  the  further  dc|»rewion  of  the 
cliunncl  of  that  river,  In  certain  plitcc«,  with  the  riew  of  in* 
t-n-asiiig  tlie  mpidity  of  its  current;  the  other,  the  gradunl 
filling  up  of  tho  ponds  and  swRnipA,  and  raising  of  the  lower 
grounds  of  tho  Val  di  Cliiana,  by  directing  to  convenient 
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puiuts  the  flow  of  the  streams  wliich.  pour  down  into  it,  and 
tlicrc  coufiiiing  thoir  waters  hy  temporary'  dama  until  the  eodi- 
uicnt  waa  deposltod  wlioi^  it  wiis  needed.  Tlio  ecoDuinical 
i-c-gult  of  the%  D[>eratioud  huA  heeit,  that  in  1S35  au  rtiml  uf 
more  than  four  hundred  aud  fifty  square  milcA  of  pond,  inunL, 
and  damp,  sickly  low  ground*  had  beou  converted  into  fer- 
tile', heiihhy,  and  vrell-d  rail  ted  euil,  and,  eunbt-qiteutlyf  thu  to 
much  territory  has  been  added  to  the  agricultural  domain  of 
Tuscany. 

But  in  our  present  viow  of  the  subject,  the  geographical 
i-evolntion  which  lias  been  acconipliBhcd  is  Btill  more  intorott- 
ing.     'riia  climatic  infltience  of  tlie  elevation  and  drutuiugof 
the  6uil  inust  huvu  tK>eti  comsideniblc,  though  I  do  not  know 
tliat  an  increase  or  a  diminution  of  the  mean  temjtoraturc  or 
precipitatioTi  in  the  valley  has  been  egtahUfehed  by  uieteorolop- 
cal  observation.     There  U,  however,  in  the  improvement  of  the 
umitary  condition  of  the  Yal  di  Chiaiia,  which  wu  fonuedy 
extrcmeU*  unhealthy,  6atiBfacti:>ry  proof  of  a  liencficial  clUnatic 
change.     The  fcvL-re,  which  not  only  decimated  the  population 
of  the  low  grounds  but  infested  the  adjacent  hilla,  have  c-chociI 
tlieir  rava^ies,  and  are  now  uat  more  fre<juent  tliaa  in  other 
parts  of  Tuscany.     Xho  strictly  topograplucal  effect    of  the 
operations  in  question,  besides  tlie  convereion  of  niar^h  into  drr 
surface,  has  liceii  tlio  inversion  of  tlie  inclination  uf  llie  valley 
for  a  distunoo  of  thirty-five  miles,  so  that  this  great  plain  which, 
mthin  a  comparatively  short  period,  sloped  and   drained  ita 
waters  to  the  smithy  uow  inclines  aud  sends  iLi  dr&inago  to  the 
iiortlu    The  reversal  uf  the  cnrreuts  of  the  valley  has  added  to 
the  Amo  a  new  tributary  equal  to  the  largest  of  its  ft>rmer 
affluents,  and  a  most  important  cinruinstance  connet^-Jt^J  with 
this  latter  fact  is,  that  the  increase  of  the  volume  of  its  watvrs 
has  accelerated  their  velt>city  iu  a  still  greater  pn^portion,  and, 
instead  of  augmenting  the  danger  from  its  inundations,  hai 
almost  wholly  ubvlated  that  s«mix>c  of  appruhensiuu.*    liotwesQ 


I 
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*  Arriui  obaorves  tba.t  at  the  {imotiaD  of  Iho  Hyiljwpes  and  th«  . 
Iwth  of  wbdcb  an  doBoribcd  m  wido  Rtraama,  "  oim  my  narrow  tirtr  is  fcs»> 
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the  beginning  of  the  fifteenth  centurj  and  tho  jearlT61,  thirty- 
one  deitnictire  floods  of  the  Arno  are  reetirded  ;  between  1701, 
when  the  principal  Btrcauis  of  the  Vul  di  Chiuim  were  diverted 
into  ihut  river,  and  1S35,  not  i»no.* 


ed  of  (wo  ooaOa«ab,  and  tbi  carreottsTeir  •wifL" — AbbUN,  Met.  AiuAt 
vi,  4. 

A  like  example  b  obsorred  in  the  Anapoj)  near  S^ttw-'ubc.  which,  IkiIow  tho 
juuotim  of  Hm  two  bvattcbea,  ia  nArrovrar,  thoo{[h  swifter  Uuui  either  «f  Ui«in, 
utd  mob  OMWB  &rD  by  no  miMktu  anfroqnenL  Thn  immctliate  effect  of  the 
ooufltMDoe  of  two  riv«n  upon  iho  oorreut  below  dep«Dil«  apoo  looftl  circain- 
■tutc«s,  anil  capeciall;  npoo  Um  ani^  at  inekleBGe.  If  the  two  nantlj  ooin- 
eide  in  direcUoo,  po  m  to  ioclodo  s  souU  aogle,  the  joint  oomot  will  h«r«  a 
IfTeAler  Tolocitj  tlua  the  aknrer  oondaeot,  poibapi  ereiL  Uiaa  ciLbvr  u(  then. 
If  the  two  rivora  mn  in  truurenw,  stUl  inon  if  tliey  flow  in  mora  or  ton  op- 
poflite,  (lincUoDs,  the  relocitor  of  the  priaoJpal  bmnuh  will  be  teCatded  both 
alwTO  and  below  the  jonotloB.  aad  at  hich  water  it  may  er«n  wt  back  the  oor- 
mnt  of  the  afflneat. 

On  the  other  hand,  the  divertion  of  a  conddeiable  braneh  from  a  rivet 
retorda  lut  vducttf  below  the  poiut  af  Be|)arotlaii,  and  here  a  ilfpunit  of  earth 
ia  ita  ohaanol  immadiately  begius,  which  baa  a  taxtdency  to  tiuu  the  whole 
atream  Into  the  new  bed.  "  Theory  ami  the  aathoritjr  of  all  hjrilm^raphical 
writ«m  cooibiiie  to  ahow  tliat  the  chaanela  of  riran  untleigo  an  eternticin  of 
bed  hrinw  a  canal  of  (Ut^ridon. "— l>etter  of  FnmciutiKost,  in  SAi.%-A'>Ntil.l, 
JtaeeUta  <tf  Ifocamtnti.  p.  83.  See  tho  early  anihoritiei  and  diactuwiftna  on 
tb»  priodplo  alaeed  in  tJia  text.  In  Priki,  /M  Hwda  /ti  rrgtiiar*  i  >Vu«w'  t  t 
Tffm»ti.  libru  iii.,  oapiL  L,  and  HloKOOTTl,  JitniuUca,  ii.,  pp.  SU  et  aaqq.,  and 
■re  p.  4BC.  iwt^.  antf. 

In  my  acounat  of  tbene  imjirorementa  I  bavo  chielly  followed  FoMombruui, 
nader  whowf  direction  thny  were  prlooipalljr  etecatoil.  Many  of  Poeaoabnnii'a 
■tMemvuta  and  opiuioiia  have  btan  ogntroTarted,  and  in  ooiopantlTely  tutint- 
portant  particnlan  thqr  have  bean abown lob* «muaoBa.~Sm  l>»unhRDiNt, 
(ivida  aUo  afvdtb  ddP  lAntotia,  cap.  xw^,  and  laBio  aolhur,  E»ime  tU^i 

*  FuieuMKHOItt,  Mmtorie  Mra«tiio-H<rnch*,  Introdtai-inf,  p.  xvi.  Itotweea 
Che  yean  1700  aad  1790  the  ohroniolan  tVGocd  Reventeen  Hoods  of  tlifl  Ante,  aod 
iweiiiy  between  1600  aDd  1&70,  bat  noiia  of  tliaM  w«re  of  a  pruinrly  dc«Uuo- 
tite  cliarA0t«r  except  tlioan  of  \Mi,  IHS4,  aad  1870,  and  the  raTajTm  of  thie 
latter  wcve  ohieQy  confl&ed  to  PlMa.  and  were  ocoaaiooad  by  thu  bnnUu^  of  a 
dike  or  wall.  Tbey  an  all  ihroe  ifeoarally  aaeri1>eil  to  flxtraotdinax;.  If  not 
anpreotdanled,  taioe  and  movn,  but  many  iniiuinn  atuibiiui  tb^tu  Ut  the 
fdling  of  the  wooda  in  the  ratluyi  of  the  nnwr  tributarira  of  the  Arno  aince 
tS3S.     Bee  a  paper  by  QunrtMu  in  the  Ilaiia  Jfuect,  18  Haoo,  1871. 
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It  U  now  a  hondred  rears  etn^jc  the  comment 
improvements  in  the  Val  di  Chiana,  and  Uuvo  of  the 
Iiave  \tveu  in  more  or  lees  continued  nperatiou  for  ttbore  »  ga- 
crution.  Thcv  have,  as  we  hare  Recn,  prodnced  importuit  gto- 
gra{>hlcal  changes  in  the  snrface  of  the  earth  and  in  Uie  &iv  <tf 
fxiunidc ruble  rivere,  and  dieir  cffecU  have  been  not  leoi  coMpaw- 
uuH  in  preventing  otlier  eliaiigis,  of  a  murt;  ur  leact  Je3q>eiio» 
character,  which  wunld  infallibly  Iwve  taken  pluce  if  ther  had 
not  ]>een  an-eete*!  hy  the  improvpments  in  question. 

The  sediment  waahod  into  the  inaraheeof  the  Manomaii 
not  Ic^  than  12/100,000  cubic  yards  per  annum.  Tlw  eaaf* 
of  this  quantity  into  the  sea,  which  is  now  almost  wholly  pi»- 
ventiHl,  wuiild  be  linificimit  tu  advance  thu  coou^t-line  foarteei 
yards  per  year,  for  a  distance  of  forty  milw,  oompating  the 
mean  depth  of  the  sea  near  the  shore  at  twelfe  ^-ar<dd.  It  b 
trae  that  in  this  case,  as  well  as  in  that  of  other  rirer^tbe 
sedimenMiry  matter  would  not  bo  diatribnted  equally  oltmg  the 
shore,  and  much  of  it  would  be  carried  out  into  de<*p  water,  <» 
pcrhajH  transported  by  the  cttrrentg  to  distant  coasta.  Tbo  im* 
modiato  effects  of  the  deposit  in  the  sea,  therefore,  would  oat 
be  so  i>ali>able  as  they  appear  in  this  numericdi  form,  fant  they 
would  be  equally  certain,  and  wuold  infallibly  maiufedt  thotn- 
fielros,  first,  perhapef  at  some  remute  point,  aiul  aftorwarda  men 
energetit^ly  at  or  near  the  outlets  of  the  rivers  which  produced 
theiu.  Hie  elevation  of  the  bottom  of  the  sea  wunld  diminiik 
the  inclination  of  the  beds  of  the  rivere  discharging  tliutiisclvA 
into  ic  ca  that  coast,  and  of  oonr»c  their  tendency  to  overflow 
their  banks  and  esttend  still  further  the  domain  of  the  marsha 
which  border  them  would  be  increased  in  proportion. 

Ic  has  been  already  atated  that,  in  order  to  prevent  the  orer- 
flow  of  the  Talley  of  the  Tiber  by  freely  draiiiing^  the  Val  di 
Chiana  Into  it,  tho  P»i»l  authorities,  long  before  the  oonmienoe- 
ment  of  the  Tuscan  works,  oonstrocted  strong  harriers  near  the 
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fiouihern  end  of  the  valley,  which  detained  the  watcra  of  tlio 
vet  aeaeuti  until  they  could  be  gradimlly  drawn  off  into  tlie 
Paglitt.  They  con8u<iueiitly  (lc[K»itod  iiwat  of  tlieir  Mjdinieiit 
ill  (lie  Val  di  Chinim  mid  uarriod  down  comparatively  little 
cartli  to  the  Tiber.  The  lateral  streams  contributing  the  largest 
qusntiticj^  of  HxlinienlArr  matter  to  the  Val  di  Chiaiia  original- 
ly flowed  into  that  valley  near  its  northern  end ;  and  (he  change 
of  their  cliaiiiield  and  uut1cL4  in  a  aonthcrn  direction,  so  as  to 
raiee  that  [>art  of  the  vidtey  hy  their  depoaite  and  iherelty 
reverse  !(«  drainage,  was  one  of  the  principal  atejw  in  the  pro- 
eesfl  of  improvement. 

Wo  have  seen  that  the  north  end  of  the  Vat  di  Chimui  near 
the  Anm  had  been  raised  by  spontaneous  deposit  of  sediment 
to  anc-h  a  height  as  to  interpose  a  sufhcicnt  obstacle  to  ult  flow 
in  llmt  direction.  If,  then,  tlie  Roman  dam  had  not  l>een 
erected,  or  the  worka  of  tlie  Tuscan  (iovomment  undertaken, 
the  whole  of  tike  earth,  which  has  been  arrested  by  those  works 
and  cuiploii'ed  to  rainr  the  bed  and  reveno  tlio  declivity  of  the 
valley,  wonhl  have  been  carried  down  to  the  Tiber  and  thence 
into  the  sea.  The  dcjM)«iit  tJiiis  created  would,  of  t»>urse,  have 
contributed  to  increase  tJie  advance  of  tlie  shore  at  the  month 
of  that  riveTf  which  lias  long  been  going  on  at  the  rate  of  three 
metres  and  nine-tenths  (twelve  feet  and  nine  inches)  per 
annnm.*  It  ie  evident  that  a  quantity  of  cartli,  suflivicnt  tu 
effect  the  immense  changes  1  have  dcscril>ed  In  a  wide  vnlley 
more  than  thirty  miles  long,  if  deposited  at  the  outlet  of  tlie 
Tiber,  wonld  have  very  ctMisiderably  modified  tlio  outline  of 
the  coast,  and  have  exerted  no  unimportant  influence  on  the 
flow  of  t}iat  river,  by  raising  its  point  of  discharge  and  length- 
ening its  channeL 


77ui  Cotut  of  the  Nttheriand*. 
It  has  been  shown  in  a  former  aecti<m  that  the  dikes  of  the 

*  ftee  Uiq  oareful  MinstM  of  Rosvr,  JftywM  cl#  prnm"  In  TorrmU,  Mo., 
pp.  42.41. 
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Netherlands  and  the  adjacent  states  ha\x*  protected  a  consider- 
nble  extent  of  coast  from  the  enpnmchmenta  of  tlie  soa,  and 
hnve  won  a  largo  tmi?t  of  eultivablo  Innrl  from  the  rloininion  of 
the  ocean  waters.  The  immense  rc*iitta  ohtainorl  from  tl» 
operations  of  the  Tuscan  engineers  in  the  Val  di  Ohiana.  and 
iho  Maremina  have  Piiiy^tcd  the  question,  whctlier  a  different 
niethtMl  of  acctunplifthiii^  theso  ohjectti  iiilglit  not  have  been 
adopted  with  advantage.  It  has  been  argued,  as  in  the  case  of 
the  Pojthat  a  system  of  transveree  inland  ditw  and  caiiaU,  npon 
tlio  principle  of  those  which  have  been  so  enccesafully  em- 
ployed in  the  Val  di  Cliiaiia  and  in  E^ypt,  might  ha%*c  clcvatcxl 
the  \o\r  grtiniid*  ahorc  the  ocean  tides,  by  Rpreadin|r  over  thorn 
the  sediment  hronglit  down  by  the  Rhine,  the  Macs,  and  the 
Schold.  ]f  this  prvKiena  had  hoen  intrf>duccd  in  the  Middle 
Asfcs,  and  constantly  puraucd  to  our  times,  the  supcrHrial  aiid 
coast  geography,  as  well  aa  the  hydrography  of  the  countries  in 
question,  would  iintloiihtedly  haw  presented  an  Bi>pe(*t  verr 
different  from  their  present  conrlition ;  and  by  coinbiiiiiig  the 
pmccRR  wirh  a  fi^Ttom  of  maritime  dikes,  whirh  would  liave 
been  netcwary,  both  to  rc^iHt  the  advance  of  the  eea  and  (o 
retain  the  sHmc  deposited  by  river  ovorilows,  it  is,  indeed,  jMmi- 
blo  tliat  the  territory  of  iho^e  stat(?9  would  have  been  aa  exten- 
pivc  (IS  it  now  is,  and,  at  th«  same  time,  somewliat  c-levaled 
above  its  natural  level. 

Tlie  argnment  in  favor  of  that  method  re*ts  on  the  assmnp- 
tion  that  all  the  sea-washed  earth,  which  the  tides  have  let  fall 
upon  the  shallow  coast  of  the  Netherlands,  has  been  bronghf. 
down  by  the  rivers  which  emjtty  n]>on  those  shore?,  and  cotdd 
have  been  setiurcd  by  allowing  thoee  rtvera  to  spread  over  the 
flats  and  deposit  their  ncdicnent  tn  still-water  por>lEi  fonnod  bv 
cntfijulikes  like  those  of  Kgypt 

But  we  are  ignorant  of  the  pro]Mrtions  tn  whieh  the  marine 
deposits  that  form  the  soil  of  the  polders  have  been  derived 
from  materials  brought  down  by  these  rivers,  or  from  other 
more  remote  sources.  Much  of  the  river  slime  has,  no  donbt, 
been  transported  by  marine  currents  quite  bey<Hid  the  reach 
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of  j-etnniing  Rti-PHins,  and  it  is  iincertam  h'jw  far  this  IiiM  lia* 
been  balanced  bv  earth  woi^hed  bv  tho  ^a  from  distant  shrii\>fl 
and  let  fall  on  the  coasts  of  the  Netherlands  and  other  iieij^b- 
borinjT  coimtriea. 

We  know  little  or  nothing  of  the  qnantjty  of  solid  innlter 
bronght  diiwn  hy  the  rivers  of  Western  Eim»pc  in  cnrly  ageA, 
but.  oA  tlio  banks  of  those  rirera  are  now  generally  better 
fie<;urcd  against  wa^h  and  aVn-asion  than  in  former  ccntaries, 
the  scdiincni  transported  by  them  must  be  lees  ttian  at  periods 
nearer  the  removal  of  tlie  primitive  foi-esta  uf  their  vallevs, 
thtin^h  certainly  grualer  than  it  was  before  thtMe  ft>n*sl«  were 
felled.  KI£dcu  informs  tis  that  the  sedimentary  matter  trans- 
ported to  the  sea  by  the  Khine  would  araoont  to  a  cubic  geo- 
graphical mile  in  five  thonsand  years,* 

The  pi-opcjrtion  of  this  suspended  matter  which,  with  our 
]iresent  means,  cutild  bo  arre^te*!  and  precipitated  upon  the 
ground,  it>  aliiii#t  infinitesimal,  foronlj  tbusnrface-wutcr,  which 
carries  nmeh  let<s  sediment  than  that  st  the  bottom  of  the  dian- 
nel,  would  How  over  the  banks,  and  as  tJio  movement  of  this 
water,  if  not  checked  altcgether,  wonld  be  greatly  retarded  by 
the  pr<>|x«ed  croe^-dikes,  the  quantity  of  solid  matter  wbicli 
Would  he  i,-»jnvi.'yt'd  to  a  given  purtion  of  liiml  during  a  iiinglo 
inundation  wutild  be  extremely  small.  Inuiulatiitns  of  the 
Khine  occur  but  once  or  twice  a  year,  and  high  water  continnes 
but  a  few  days,  or  even  hours;  the  Ilood-lidc  of  thu  eea  hap- 
pens sevt-n  hinidn'd  times  in  a  yrar,  and  at  the  inrn  uf  the 
tide  the  water  is  brouglit  to  almost  al>sulute  rest.  llen(*e,smnll 
as  is  tlie  proportion  of  suspended  matter  in  the  Lidc-water,  Oio 
deposit  probably  amounts  to  fur  more  in  a  year  than  woidd  be 
let  fall  ttiHin  the  same  area  by  the  Rhine. 

Till*  arifmnent,  except  as  to  the  comparison  between  river 
Bod  tide  water,  applies  to  the  Mississippi,  (he  Pu,  and  mont  other 
great  rivers.     Ilence^  until  tliat  distant  diiy  when  man  shall  de- 

•  JtriHtmutt,  ToL  L,  p.  SSi.  n*  VOa^iadpfi—a  rivor  *'  lUiilcrvlMnrMl  with 
HdJactir'— with  ft  meui  dtnoharro  of  about  tan  Umoft  that  of  Uie  Bhiaa, 
dipnuu  »  cnbio  g«agn|iliifl»l  mile  in  Uiirty-lhrM  7*ft>ft. 
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vise  means  of  extracting  from  rivers  at  flood,  the  whole  volume 
of  their  suspended  material  and  of  depositing  it  at  the  same 
time  on  their  hanks,  the  system  of  cross-dikes  and  colmataye 
mnst  he  limited  to  torrential  streams  transporting  large  propor- 
tions of  sediment,  and  to  the  rivers  of  hot  countries,  like  the 
Nile,  where  the  saturation  of  the  soil  with  water,  and  the  secur- 
ing of  a  supply  for  irrigation  afterwards,  are  the  main  objects, 
while  raising  the  level  of  the  hanka  is  a  secondary  consider- 
ation. 


Orifrin  of  SABd— Sftnd  WW  Otrrltyl  Va  the  Se*— Botudi  Siuuls  «f  Xorthera 
AfrifTO — Suidi  of  l^j^fpt— B*nd  Dunca  and  Sand  Plaim — Coast  DnoBH — 
&4uid  Biuilw— Gharikcter  of  Dono  Sand — Interior  Stniotur«  of  Doimh— 
OMilngic&I  Iraportonoe  qt  Dodm — Do»b  go  Americaa  CoutB—Dnaaa 
of  Wcntern  Europe — ^Afe,  Cbaracter,  and  Permanence  o(  I>iuioa — Doom 
«■  B  Rarrirr  Hf^ainiit  the  ftea— Eaoonchmentfl  of  tbo  H«a — liiimfjoTd — 
CoMti  of  BoblosnifT-ItobteJa,  >'«thcrlAn4la,  and  Fntaee— Moromcnt  of 
Ihm«a— Contiol  ot  UnnoH  hy  Man— luJand  IhiOM— Inland  Sand  Plaina. 

Origin  of  Sand. 

Sand,  ^vUich  is  found  in  ticd^  or  strata  at  Ute  bottom  of  tbo 
sea  or  iu  tlio  cliaitnels  vt  nwn,  ae  well  an  in  extcusivo  de- 
poeits  upon  or  beneath  the  surface  of  the  drj*  land,  appeara  to 
(^nnRist  eMwntiallj  of  the  dotritna  of  rocks.  It  i^  not  always  by 
any  means  uloar  tlirongli  wliat  a^iiry  tlie  solid  riKik  lias  Ikhju 
reduced  to  a  g;ranular  condition;  for  tlicrc  arc  beds  of  quart- 
zose  caud.  \rhcrc  the  sharp,  angidar  shape  of  the  particles  rcti- 
dera  it  highly  iiiipr<»baIilo  that  they  have  iKteii  formed  by 
gradual  abnu^ion  and  attrition,  and  u-horG  the  Biip[M«ition  uf  a 
cruflhing  mechanical  force  eoems  equally  inadmisaiblo.  Itk 
common  sand,  the  tjuartz  grains  arc  the  most  numcroni> :  but 
this  is  not  a  proof  titat  tlie  rocks  from  which  these  [^articles 
were  derived  were  wholly,  or  even  diicfly,  qnarizose  in  iharac- 
ter;  for,  in  many  eomposit©  rocks,  as,  for  example,  in  llio  gran- 
itic group,  the  mica,  felspar,  and  hornblende  arc  more  pJinily 
decomposed  by  chemical  action,  or  disinti^ratcd,  comminuted, 
and  reduced  to  an  impalpable  state  by  niechniiical  foixe,  than 
the  quartz.  Id  the  deetmction  of  suoh  rocks,  thcrtifuro,  tho 
quartx  would  survive  tho  other  ingrodlmt«,  and  remain  im> 
85 
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vise  means  of  extracting  from  rivers  at  flood,  the  whole  volume 
of  their  siispended  material  and  of  depositing  it  at  the  same 
time  on  their  banks,  the  system  of  crosa-dikes  aud  colmataije 
must  be  limited  to  torrential  streams  transporting  large  propor- 
tions of  sediment,  and  to  the  rivers  of  hot  countries,  like  the 
Nile,  where  tlie  saturation  of  the  soil  with  water,  and  the  bccut- 
ing  of  a  supply  for  irrigation  afterwards,  are  the  main  objects, 
while  raising  tlie  level  of  the  banks  is  a  secondary  consider- 
ation. 
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sand  now  traneportcd  to  the  tea  eeoms  to  be  ooinparatively 
incouaiderable,  beuauee — uot  to  Bpeak  t-f  the  absem*  of  dihivial 
KctioD — ^tho  number  of  torrents  emptying  directly  into  tlio  sea 
ifi  much  loss  than  it  was  at  CAilicr  poriold.  Tito  fonnutioii  of 
alluvial  pUinfl  in  maritime  bayi^  by  the  acdimentary  matter 
brought  down  from  the  mountains,  has  lengthened  the  flow  of 
»uch  etrenins  and  converted  them  very  j^ncrally  intu  rivt-ra,  or 
rather  afilueiiti»  uf  rivere  of  later  geographical  origin  than  them- 
Eclree.  Tlie  filling  up  of  the  eetnaries  has  60  reduced  tlic  slope 
of  all  lai^  and  many  small  rivers,  and,  oonscqnently,  so 
che<'ked  the  current  of  wliiit  tho  (iermans  call  their  Unterlauf^ 
or  lower  course,  that  they  arc  much  leas  able  to  transport  heavy 
ninterial  tlmn  at  earlier  epochs.  Tlic  Blimc  do]>o«ited  by  rivers 
at  tlu^ir  jiiiicttnii  witli  the  sea,  is  ut^ually  found  to  \ie  composed 
of  material  too  finely  ground  and  too  tight  to  be  denominated 
sand,  and  it  can  be  abundantly  shown  that  tho  Rand-!>ankti  at  tho 
outlet  of  m«6t  large  ftrcains  are  of  tidal,  not  of  rtuviatilc,  accu- 
nitdation,  or,  in  lakes  and  tidcless  seas,  a  resalt  of  the  concur- 
rent action  of  waves  and  <>f  wind. 

Large  deposits  of  sand,  thoivfore,  must  in  general  be  consid- 
ered as  of  ancient^  uot  of  recent  formation,  and  many  eminent 
geol<)giet£  oficribe  them  to  diluvial  action.  Staring  hasdiscnseed 
this  qTiestion  very  fully,  with  s|»eci8l  reference  to  the  sands  of 
the  North  Sen,  tlic  Zuiderzee,  and  the  liays  and  channels  of  Iho 
Butch  cttaat.*    Jlis  general  uonclueiou  i«,that  the  ri^'emof  tho 

*  Df  Ihdan  MA  Jtr«iliKaJid,  L,  pp.  243,  ^H-iTi  H  Mff?.  8m  aleo  th«  u> 
gamcDU  of  BW-maativ  H  to  the  orii^a  of  thu  daiw-NUida  of  Omo<iii/,  AtmaUa 
tta  FfffiU  A  CAauMtiM,  ISSS,  l«f  »:TDc&tn;.  i>p.  l&S.  HI.  BrfnuBllar  MtimaftM 
tba  Mod  MUinmU;  throim  op  on  thnt  otmet  tkl  6to  cubic  taiam  and  two  (aai  U> 
Uta  ratmi&g  toiM  (ubi  aopn,  p.  1<U;,  or  nth«r  more  ihui  two  hnudrod  rbJ 
twsntj  cable  f«et  to  the  nmaiac  foot.  Laval,  npon  ufaMrvBtiaiis  oontiDaod 
thn>ii][b  •ev«a  jeu*,  fonnd  Uw  qoftatit^  to  b«  Cw«atj-fiT«  laitrM  per  nmning 
mftn,  which  u  eqtui  to  two  hundred  iu>d  uxlj-iu^t  oabio  f*8l  b>  tb«  mning 
toot—AnnaUt  det  l\Mtt  tt  C^iuWm,  liHi,  2v»*  •noflstn,  p.  SSO.  Tb«M 
cumpuiatioiu  make  the  pro|iurtion  of  atuid  deiMMitad  oa  th*  ooMt  of  O— uopy 
thrv«  or  four  Mnw  *»  gnml  aa  HtM,  o)>acnr«<l  b;  AndrsMo  oa  th*  ahora*  of  Jat- 
buid.  Laval  crthnataa  tbo  total  quantftj  ot  mid  annoall;  thnwB  np  oa  tha 
oaaat  o(  Qammtj  al  t^WKt^OOO  oohie  nfttna*  or  bom*  than  7,600,000  onUe  yarda. 
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NethoiiiaidB  "  move  sand  only  l»y  a  very  filow  displacement  of 
Band-bante,  and  do  not  carry  it  with  them  as  a  Bnspendcd  or 
floating  material."  The  Bands  of  tlie  (rcrraan  Ocean  ho  holdi 
ti>be  a  product  of  tlsc  "great  North  German  drift,"  dcj»oeited 
whore  thoy  now  lie  before  the  r/nnmenecnipnt  of  tlie  prescjit 
geologJRal  period,  and  he  mainrairiB  similar  opiniona  with  regard 
to  the  sands  thrown  np  by  the  Mediterranean  at  the  moDths  of 
the  I^ilc  and  on  the  Barbary  coast,* 

Sand  now  carried  to  the  S^. 


Then  are,  however,  cases  where  monntain  streams  atitl  boar 
to  the  sea  perhaps  relatively  email,  bnt  certainly  absoluttdy 
larjtje,  aniountH  of  disintegrated  rock.t    Tlie  cpiantitj  of  i>and 

■  J)e  Bodem  ran  Ne^eiiand,  i,  p.  839. 

f  The  ooudJtioEU  fftTorabl«  to  th«  pto'^nction  of  Band  from  dlsmtagnUd 
tock,  by  causea  now  In  nctioo,  we  peibspa  oowhere  raore  perfeoitj  iwiliwil 
thu  in  ths  Sinaitic  PenismilA.  The  mcmatainB  Ere  steep  and  loft^.  napn>- 
toot«d  I17  vftgeUtlon  or  evtin  by  a  coAtJn^  of  earth,  and  the  rocka  wbich  con- 
poM  them  Ai«  iu  a  e<batt«t<Nl  and  frogniieDtary  oODdition.  Ttiey  ar«  funowod 
by  df>«ip  and  prevfpitouH  mHrm,  with  bvilA  HutRotently  iuclined  for  Uie  npU 
flow  of  wat«r.  and  gouorally  witboat  kasLiu  la  vhioh  th*  laigvx  Uooka  of  atooe 
rolled  by  tbo  t«rrcat«  can  bo  dropped  and  Uift  in  iwtknmi  ;  thera  an  •evme 
froitK  and  macb  khow  on  th«  bigber  iiimmlU  and  tidgM,  and  Ibe  wtntar  niai 
arc  abimdaut  and  hesTj.  Tlia  inountaiaB  are  ptincdpnlly  of  JKnuouB  farmatiaa, 
but  many  of  the  l.-ss  olOTtted  p««lt8  aro  ctppMl  iriUi  sacdatone,  and  on  tlu 
eastern  slope  of  tho  poninsnla  yoQ  may  sotncHmoi  soc,  at  a  afalg'lc  cUaa% 
eeraial  lofty  pyramids  of  granite,  stparated  by  coiuddcrabl«  biUnral*,  and  til 
iniiTnnunt«d  by  horuont«l1y  BirattfiiN]  d<?iHif>itH  of  mndstonfl  oftm  tmly  a  tew 
yardfl  square,  wbicb  correvpond  to  ouch  other  tn  height,  arc  aridMitly  oonteo- 
poianeoas  in  origin,  and  nmco  once  coiinmtod  In  contlntunu  beda  The  degra* 
datiOQ  of  tb«  roclc  on  wbicb  this  fomiittian  r(wt«  is  oon«ts>ntIy  bringing  dow 
mamoa  of  It,  and  miugliug  th^tn  with  the  bosolUo,  ]>nrphyriUc,  gtsnitto,  and 
calcaroooa  fm^mentK  which  the  toirenta  cany  down  to  the  rnlleyi*,  and,  thraogb 
them,  in  a  state  of  f^reator  or  ten  disintegration,  to  the  na.  The  qtiantity  tA 
■and  asnoally  wa«bed  into  th«  Red  Sea  by  the  Ui^ev  totreata  of  Uw  Imht 
Pmlnwla,  la  probably  at  loast  oqnal  to  that  contributed  to  tfao  oeeaa  fay  My 
itvMHH  dialofaiff  bBidM  of  no  enater  axtottt^  Abaotntelyoonddend,  ^titn,lta» 
lean  may  be  Mid  to  bo  lai^,  bat  it  i«  appareoUy  very  nnali  aa  oouparad  wilh 
the  Hand  thrown  np  by  the  Oeimao  Ooean  and  the  Atlantio  00  tha  eoaats  of 
Deomaric  and  of  Ftaaco.     Then  ai«,  indeed,  in.  Anbia  Fetnea,  aunj-l 
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and  gravel  carried  into  the  Moditcrranoaii  by  the  torrcuU  of  thu 
Maritime  Alps,  the  LIguriau  Apeiiiiiiie>>,tlic  iHlauds  of  Coratcft, 
Sarttinia,  and  Sicily,  aiid  llie  luoiiutuliia  of  Calabria,  is  appa- 
rently ^at.  In  mere  ma^,  it  is  posaible,  if  not  probable,  that 
as  much  rocky  material,  more  or  less  comminuted^  is  contributed 
to  tlic  basin  of  Uie  Mediterranean  by  Europe,  even  cxc-liidinj^ 
ihe  flhoi-ea  of  thu  Adriatic  and  tlie  Euxinc,  aa  is  washed  np  iixnn 
it  upon  tlie  coasts  of  Northern  Africa  and  Syria.  A  ft^at  part 
of  this  material  is  thrown  out  again  by  the  waves  on  the  Euro- 
pean shores  of  ihat  sea.  The  liarbors  of  Luni,  Albcnu^a,  San 
Rciiio,  and  Savona  west  of  Genua,  and  of  Porto  Ftno  on  the 
other  ftirle,  are  filling  np,and  the  eouat  near  Carrara  and  Ma«sa 
is  said  to  have  advanced  upon  tlie  sea  to  a  distance  of  475  feet 
in  tliirty-three  years,*  Besides  this,  we  have  no  evidence  of  the 
existence  of  deep-water  currents  in  the  McdtterraucaUj  ujtteusive 
enough  and  etnjng  enough  to  transport  (|iiiirt7<J6c  sund  ucroes 

with  Tei7  tboit  oooiMa.  tot  tlM  sea-watM  in  many  pnrti  of  the  panitumliir 
ooMl  mab  Uio  bsM  of  tba  moaaUiM.  In  thweo— ,the  dt-bhsof  Uierooki 
do  not  nkob  the  sm  in  ■  lufflokBtly  oonualuaMd  oooditfon  to  be  euUtled  to 
tlw  BpiiclUtiun  of  MDtl,  or  even  in  Ui«  fonn  of  woll-roaikd«l  pobhloM.  Tlui 
fn^iiMnU  Mtain  tiieir  annuttr  •hup*,  latA,  at  M>m«  jxAots  on  th*  coMt,  tktj  be- 
OOBO  fwmontod  tO|;e1har  bj  Uni«  or  oUi«r  binding  itabaUnceit  h*M  in  MlutJon 
ot  mMtuiRlcal  kiupenakn  in  tlM  Mb^mter.  uul  uv  ao  npfdlj  conrerted  Into 
a  un^jnlu'lj  heUmgaaeoos  oonglonunta,  Uiat  ono  de|Mjalt  aueioa  to  be  oon- 
■otidftt«d  into  a  breed*  before  llw  nut  winMr'a  tortttnta  cover  it  with  an- 
other. 

In  the  northern  port  of  ibe  pontn«nla  there  ue  eztenidve  dapoeitR  of  aanil 
intenninglod  with  apite  pebblm  tuui  |wlril)ed  wood,  but  tltete  are  e\idc!iitljr 
■Mithftr  d«rive(l  from  the  Slnaltic  group,  nor  prodncta  of  local  OHLnaca  known 
to  be  now  in  aictiuu. 

I  ma;  here  notice  the  often  repeat«d  bnt  miatakeo  aawrtioo,  that  the  potri- 
Qod  wood  of  the  Western  Anblan  diaart  oousists  wholly  of  tho  atcma  of  |Kilina, 
or  at  leant  of  endofenoiu  vegetnblai.  This  i*  an  error.  I  hare  myMlf 
pickod  op  in  thnt  demirt,  witJibi  the  apace  of  ■  vory  few  Rqanro  yaida,  fmg- 
menta  apparenlly  of  foeail  palme,  and  of  at  leaat  two  petrified  trees  distinctly 
ntaikad  are  of  eiogeiwaa  growth  both  by  annular  Bt»ctw«  and  by  hnoU.  la 
UgaeoQS  dunotar,  ese  of  tbeec  almoet  preciacly  reaembUe  the  gialB  of  the 
extant  beech,  and  thla  apedinen  wna  wormcatan  before  it  waa  Qanretied  Inta 
stiex. 

«  BAttokb,  2ku  MiUdaufr,  p.  US. 
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the  sea.  It  may  be  added  that  ntiich  of  the  rock  from  which 
the  torrent  eands  of  Sonthem  Enropc  are  derived  contains  little 
ijnartz,  and  henee  the  general  character  of  these  sands  is  snch 
that  tliey  must  be  decomposed  or  ground  down  to  an  impaljm- 
hle  slime,  long  before  thej  could  be  swept  over  tc*  the  AIni-au 
shore. 


Sands  of  ^Qrthem  Africa. 


d 


Tlie  torrents  of  Europe,  then,  do  not  at  present  fumtgh  the 
material  which  composes  tho  beach  sands  of  Northern  Africa, 
and  it  is  ccpially  certain  that  those  uindd  arc  not  brongbt  down 
by  tlie  rivere  of  the  lalter  crmriiiont.  Tlicy  belong  to  a  remote 
geological  pen».»d,  and  have  been  accinnidatcd  by  causes  which 
ve  cannot  at  present  assign.  The  wind  does  not  stir  water  lu 
great  depths  with  sufficient  force  to  disturb  the  bottom,*  and 

*  The  to-itimonT  of  dtvem  nnd  of  other  ohnCTren  on  tUi  point  i«  coofMSnf, 
&A  might  bo  oxpvoted  from  tho  infiniU  VBri«t^  of  oonditkna  by  whidl  tti 
moTctncQt  of  w&tor  in  affeobM.  It  (a  genenltj  h«i)U>vcd  tliat  the  actka  tf 
the  wind  upon  Urn  watoc  is  not  poiccptiblv  at  grvaUr  dcjitbH  tlum  froa  fin«a 
f«et  in  ordinary  to  ol^htj  or  iiinutj  in  extrvmo  cmaPH ;  tint  theae  eatbnaBM  H* 
probnbty  Mvry  cnnMidct&blj'  boSow  tba  truth.  AndiTH«u  ({not«>  BxteHmUer  ■■ 
Rtnting  that  tho  movement  of  tho  wkviii  immctiines  ozMndft  to  tha  d«pth  tt  Brk 
huudred  feet,  aod  bo  add«  thnt  otLcn  think  it  mar  ranch  to  sx  or 
hn□drl^(l  fpct  bf^low  the  sarfacc. — ANDREsrs,  Om  KlitfonnatitMun,  p.  M. 

JAoDf  phydciBta  now  auppoHc  that  the  andtilutiona  of  gnat  \khU€»  of 
reach  eres  decficr.  Bnt  a  movommt  of  nndnlation  b  not  Beoonarltr  a  m*n- 
nent  of  IraDsladon,  and  besdeii,  there  is  rery  frcqnoattjr  an  mtrlertdw,  wUdi 
tcnda  to  ctarj  imKpc-ndod  bodies  ont  to  Ka  as  powerfnlt;  aa  the  aupgrteM 
wav«ii  to  throw  thcui  on  shorn.  SAud-bankn  Bontetiinoa  R)00d«  fPoan  ths 
inateftd  of  rollii^i:  towards  it  noclaa  infonns  tu  that  the  MaaraiBe,  a 
Bear  tha  Point  de  Grave,  ou  the  Atlautlo  oooKt  of  Praooe.  baa  mond  In 
niflea  to  the  vr^st  in  leu  than  a  cenlMry. — Bettie  da  Deux  Mondtm  tat  DeetB- 
ber,  IfWS.  p.  Cl)5. 

The  actjon  of  cTirrenta  ma;,  in  some  caaea,  hare  been  oonfoanded  wUli  tbat 
of  the  waroa.  Bca-carrents,  strong  enoajfh,  poniblj,  to  traiupOTt  waaA  Uk 
some  dJBtAiiM!,  (lavr  ba  belowthe  aurface  in  parts  of  the  open  oeeui.  and  la 
tianT>w  Rtroitx  thfj  hare  fraat  force  and  Telocit]'.  The  divera  omplo^vd  aft 
Constantinople  in  \V^  fonnd  in  the  BoHphonu,  at  the  depth  of  tw«stt7<t«« 
fathOQia  and  at  a  point  tauvh  exposed  to  the  wash  from  Oalata  and  ftca,  a 
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the  Ba»d  thrown  upon  the  coast  in  question  must  he  donvo<1 
from  R  narrow  belt  of  »oa.  It  muatlience,  iu  time,  becrnno  ex- 
IiHiii^te<1,  aiiil  the  fnnnntioii  of  new  eAiidbunke  and  dunce  upon 
the  Bi>Dtheni  ehurefl  of  the  Mediterraueau  will  ceue  at  lut  for 
want  of  material.  * 

But  oven  in  the  caaoa  where  the  arcumnlatious  of  sand  in 
extensive  dcacrte  appwir  to  be  of  marine  formation,  or  rather 
aggrc^tion,  and  to  have  boon  bn^ight  to  their  present  poetHon 
by  nplieaval,  they  are  not  wholly  compoeod  of  material  collect- 
ed or  diHtribiitod  by  the  currouta  of  the  sea ;  for,  in  all  sncli 
regions,  Ihey  continue  to  receive  some  small  wuitribntiona  from 
the  disintegration  of  tlio  rotka  wliicli  unJerlie,  or  crop  out 
tlirongh,  the  superficial  ileposit&f    In  some  instances,  too,  as  in 


DTiuiber  of  brODM  gana  mppoe^d  to  btn*  'beiaogvcl  to  %  sbip-of-war  blown  np 
aboot  a  hondivd  imd  Mty  yo&n  before.  Thaw  gvam  wen  not  corcrrd  bj  tmnS 
or  allaie,  Uioagh  a  cnu(  of  Mithj  matter,  aa  iucti  ta  thinkjMaa,  adheted  to 
their  oppor  rarfaon,  and  tlia  boUotn  of  the  stnit  appoured  to  be  whoUj  free 
from  aedimcnt.  The  coiimt  wu  ao  powerful  at  thu  depth  tluiV  the  divui 
were  banlly  able  to  aland,  and  a  Veg  of  naila,  pnrpoaely  tlroppcd  into  tbe 
wator,  in  oiOer  that  Eta  moreRK^ota  lui^hc  aWTe  aa  a  g^uda  In  tlie  av«xch  for  a 
hag  of  coin  accwIiilaHy  loat  omboanl  from  a  aliip  in  the  harbor,  ivaa  rolled 
by  Iho  atraam  Mraral  hundrad  ^arda  bwfora  it  stopped. 

*  Paw  a«aa  havo  tbrovrn  np  >o  much  aand  aa  tho  ehnltovr  German  Ocean  ; 
hat  tb«r«  i»  somtt  rt-aaon  to  think  thiit  tbo  amount  of  thtpi  inat«nal  dovt  cA»t 
upon  it*  DOitbam  ihorea  la  laaa  than  at  mjido  tormor  periods,  though  no  oxtcn- 
■iTa  aeriea  of  obasrrattou  oo  thhi  inihjaot  hui  b««a  r»oordnl.  On  tha  Bpit  of 
Ayyv,  at  tha  preaenl  oattat  of  tlie  Liirafjord,  Audraseo  fonad  Um  quaotitj 
during  ten  7«an,  on  a  beueh  about  fire  handrod  and  aereotx  faak  t>road,  aqaal 
to  aa  aoaoal  dopoalt  of  an  hiob  and  a  half  oTor  tho  whole  aurCace.  — Om  KUi- 
fmmatianat,  p.  OS, 

Thia  grnm  umnl^'One  and  a  qaart«r  cabio  fmt  to  tha  mnninp  foot — a 
qoantlcy  orrtolnlj  much  amaUer  than  that  oaat  np  bjr  the  aaota  aea  on  tba  aborea 
of  tba  Dano-Oarman  ducbioa  aiul  of  lIolLand,  and.  aa  we  bave  aean,  aoamalf 
ODO-foatth  of  that  depodted  hj  tlie  Atlantio  on  the  oooai  of  Oaaoonj'. 

t  See.  on  Ihia  aubjaot,  aa  artkla  in  Au»  dtr  JVafur,  vol  xnt .,  p.  5Wl 

The  Florenthio  Prawwbaldi,  who  Tlntod  the  fUnaltJc  pentn*nla  At*  hondred 
Toan  Apo.  obaervod  tho  powerful  action  of  the  lolar  h«>ftl  in  the  diaintapratloD 
of  the  dMGTt  roeka.  '*  Thta  pla£«,'*  anja  h«.  "  waa  a  ridife  of  tockm  burnt  to 
powder  by  the  aun,  and  thia  powder  is  blown  awoj  from  tho  rock  by  the  wind 
and  is  the  «uid  of  the  dcaert ;  and  thrrs  ha  man;  billa  wblcU  are  pore   bar* 
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Northern  Africa,  additluus  are  con^tuntl^  made  to  the  xoaaa  hj 
the  prevaleuco  of  gea-wuids,  which  tmiipport,  or,  lo  Bpeak  inore 
precisely,  i-oll  the  liner  leach-«aiid  to  considerable  dIdi&Dc«i 
iuto  the  interior,  lint  this  ia  a  very  slow  process,  aud  the  ex- 
aggerations ol'  travoUere  have  diffused  a  vast  deal  of  popular 
error  od  the  subject. 


Sands  of  Efjtjpt. 


In  the  narrow  valley  of  the  Kily — ^vhich,  above  its  bifurca 
tioii  near  Cairo,  is,  tlircniglioiit  Eg^'pt  iind  Xiihfa,  generally 
Ixjuuded  by  precipitous  cli^ — wherever  a  ravine  or  other  otHi- 
Biderable  depresfiiuii  ocunrd  iu  the  wall  of  rock,  one  sees  iriut 
seema  a  stream  of  dt^L-rt  satid  pouring  down,  aud  common 
observers  Iiavc  hence  concluded  that  tlie  whole  valley  U  in 
danger  of  being  buried  under  a  stratum  of  infertile  soiL  The 
ancient  Egj-jitians  npprelifmded  thie,  and  eroctod  walL^  often 
of  unbnmt  biick,  ncroea  the  outlet  of  gorges  and  lateral  val- 
leys, to  check  the  flow  of  the  sand-streams.  In  later  ages, 
tliese  walls}  have  nuetly  fjUlcu  into  decay,  and  no  preventive 
moaiiures  against  such  cncruachtnents  are  now  resorted  to.  Bnt 
the  extent  of  the  miachiGf  to  tlio  soil  of  E^'pt,  and  tlie  fntnre 
danger  from  this  sonrce,  have  been  ranch  oveiTated.  Tlic  nuhI 
on  the  borders  of  the  Nile  is  neither  clo'ated  so  high  by  the 
wind,  nor  transported  by  that  agency  in  so  great  ma^scs^  oa  h 
popularly  snpiiiosod  ;  and  <>f  that  which  is  actually  lifted  or 
rolled   and   finaUy   dopositod  by  air-cnrrcnts,  a  tronsiderable 

rook,  KD&  when  the  sun  ]>archebh  them,  tli«  wind  curies  off  th«  duM.  aad 
oUior  Band  ia  thorc  doqv  iu  tlint  loud." —  ViitQfjio,  pp.  (10,  70. 

In  Amhm  PctrniA,  nrhen  n  trinii,  poworfal  euou^  tosooor  down  tMlovtlM 
ordinorj'  Kuifaco  of  tho  (iL-mn  &ad  lay  bore  a  ttBsb  b«d  of  8too«fl,  is  followed 
\xy  ■  mcldfln  bunt  of  HnniOifnu.  tliii  dark  ipite  pebbto  sre  otICD  eraektil  and 
brukoa  b/  tbo  boat ;  utul  tbia  is  cbo  true  oxi>laiiatjoii  o£  Ui«  ooouxianoe  e{  tbe 
fngmonU  in  BltituttJoiM  wbvrr  tbe  action  of  Aru  is  not  proLuiblc.  If  tlM  blg> 
msDto  u«  naall  vsoug^b  \a  b«  rollad  by  lb«  winds,  tb«7  »»  iu  iime  smiuil 
down  to  Band  «itl  conlrihnU;  to  tb«  stock  of  thnt  ni»Uiiiiil  wbiob  oows  Ibt 
fooo  of  the  d«sert.  tbgngb  the  sand  thus  formed  is  but  ui  i«flni«Aai*t.f^]  p^^ 
pcrtiun  (rf  the  whole. 
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proportion  is  either  calcareoue,  am),  tlierefore,  readily  decoio- 
pdMatle,  or  in  the  Bt&te  of  a  very  &io  dast,  and  so,  in  neither 
case,  iTijurious  to  the  eoil.  There  aro,  indeed,  both  in  Africa 
and  in  Arabia,  considcraMe  tracts  of  tine,  gilieions  «uid,  which 
may  be  carried  far  liy  high  windg,  but  these  are  exceptional  ca- 
960,  and  in  ncucral  the  progress  of  the  desert  sand  is  by  a  rolling 
motii.in  alotiy  the  snrfoce.*     So  little  is  it  lifted,  and  w>  iucon- 

*  Sftotl  li«ap«,  three  «ad  «Yeatix  hundred  foot  higb,  «n  Indoed  formed  bj 
tiio  wine],  but  thifl  !■  effected  by  diinng ttie  partJoIes  ap  ui  inoUned  pluie,lU)fe 
bjr  UftiQfT  Uiam.  Brvmontier,  >p«a1dnjc  of  the  nod-biUs  on  the  weiteni 
oowt  of  Fruioe,  BMjn :  "TbopiurtiidGaaf  nuul  compoaini;  them  ureiut  lug» 
enough  to  naUb  wind  of  a  oortaiu  force,  Dor  siuall  mongb  to  be  taken  op  by 
lb,  like  doet ;  Uny  ooljr  roll  kloag  the  HUtfKCo  ftom  wbidi  thajr  on  detached, 
and,  tbonsh  maring  wiUl  gnat  Tetocity ,  they  mniy  rfw  to  a  greater  hdj^t 
than  throQ  or  fooi  uobee." — Jienwin  nr  te»  Dtmta,  Ajiaale»  da  I'vhU  ct  Cha%ta- 
tita,  1633,  ler  nSmeMn,  p.  14& 

Andreaen  njt  that  a  wind,  b&Tiiig  a  velocity  of  forty  faat  per  aeoond,  ia 
■trong  enough  to  mIah  |iai%icl«0  of  mnd  u  high  as  the  taoe  and  eyeo  of  a  ninu, 
bat  that,  in  geneial,  it  roUa  along  the  groand,  ud  ii  aouoely  evar  tbron-n 
mon  Uun  to  the  bel^t  of  a  couple  of  yardn  from  tha  aoifaoa.  Even  In 
tbtM  OMia,  it  la  eanied  forwaxd  by  a  bopping,  not  a  cootlaaooii,  motion ;  fox 
n  T«)y  oarrow  Bhoet  or  channel  of  water  Ktopa  the  drift  entlrdy,  all  thu  eaud 
dropping  Into  it  until  it  iii  filled  up. 

Blako  ufaaervf-e,  Ptiatjle  RaHrwd  Report,  vol.  v..  p.  S13,  that  tbe  sand  of  the 
Colorado  daaert  doca  not  rba  high  to  tbo  air,  bol  bounda  along  on  the  laifaoe 
or  only  a  few  inchea  almvc  it. 

The  charactar  of  the  motioD  of  aaod  drifts  ia  well  illnatratMl  by  an  inter- 
eating  fact  not  much  notioed  hitherto  by  travellera  io  the  East,  In  aitna- 
tiona  when)  the  sand  ta  driven  tlirongh  dcpmniiuna  in  rock-beds,  or  owr  de- 
podta  of  allbJoiu  pebblea,  the  nxrtaoe  of  di«  atone  ia  worn  and  unoothcd 
much  more  effeetnally  than  it  oould  be  by  fanning  water,  and  I  hava  picked 
up,  in  miob  looalitMB,  roaodad.  irregnlarly  broken  fragmeata  of  agate,  wblch 
had  reoelved  l^m  the  Attrition  of  the  aand  aa  fine  a  poUah  aa  oould  be  given 
Uiem  by  the  wbeej  uf  the  lapidary. 

Te^  tntereoting  obserrationa,  by  Blake,  on  the  poliidijnfc  of  hAid  Mudm  by 
Afftfng  amd  will  be  found  in  tlie  Paeifie  Railroad  Bfport,  voL  v.,  pp.  OS, 
880,  331. 

The  grinding  and  polinhing  power  of  MUid  haa  lately  reoetved  a  new  and  moat 
tngvniuiia  application  In  Amcrioa.  Jeto  of  aand,  and  even  of  hduU  parUdce 
of  aoftiir  mibetaneca,  thrown  with  a  certain  fian»,  are  fotmd  oapable  of  catting 
Um  bardesl  minerab  and  metals.  A  block  of  oonindnm,  »owB  bubm  thick, 
baa  been  bored  through  in  a  few  minutes  by  this  prooeaa,  and  tk  proodaoe  to 
be  bighlj  OMfnl  in  glaaa-outtiug  and  other  similar  operatloni^ 
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sideral'lo  is  the  quantity  yet  reinaining-  on  the  bordera  of 
Egypt,  tlint  a  wall  four  or  iive  feet  Iiigli  eufficeft  for  centuries 
to  cbeck  its  encroachnimit^.  Thia  ie  obviona  to  the  eye  of 
every  observer  who  prefera  the  (rue  to  tlic  marvellous;  but 
the  old-world  fable  of  the  overwhelming  of  ca.i-uv»ufi  by  live 
feiirfiil  sliiKKDin — \vliie}i  even  tlie  Arabs  no  longer  repeat,  if 
indeed  tliey  are  tlie  mithors  of  it — is  80  thoroughly  rooted  in 
tlie  imagination  of  Christendom  that  most  desert  traroUers,  of 
the  tourist  class,  think  they  shall  disappoint  tlie  reader*  of 
tlieir  joamaU  if  they  do  not  rct-ount  the  partieulars  of  thetr 
escape  from  being  buried  alive  by  a  Band-*torm,  and  the 
popular  doinand  for  a  "  sensation  *'  mu*t  be  gratified  accord- 
ingly. * 

Another  circnmetance  is  necessary  to  be  c^^nsjdercd  in  c«i- 
inating  the  danger  to  which  the  arable  lands  of  Kgypt  are 
eipr>sed.  Tlio  prevailing  wind  in  the  valley  of  the  Nile  and 
itft  bordei-s  is  from  the  north,  and  it '  may  be  said  iritboot 
exaggeration  that  the  north  wind  blo'ws  for  tlirec-qnarters  of 
the  ycar.+  The  effect  of  winds  blowing  np  tlie  valley  is  to 
drive  the  sanda  of  the  desert  plateau  which  border  it,  in  a 
direction  parallel  with  tlio  axis  of  tlie  valley,  not  traiisvoreely 
to  it ;  and  if  it  ran  in  a  straight  line,  the  north  ivind  vontd 

*  WnidnKM)  Mji  tlut.  la  mboh  ftrp«tittic«  in  tli«  moft  tandy  poits  of  U« 
Libyan  dfwen,  »iul  muirh  hniulry  uf  tho  b«Kl  native  soiiroeii,  be  a«Ter  mv 
or  beard  of  naj  ui«tuic«  of  donfcer  to  roaa  or  beMt  from  the  in«r>  MicaaM* 
lattQitof  tMnd  trAiu<|iort«d  b^  tho  wlml.  Clioxnej**  obaervaUous  En  AmW^. 
and  bb«  testiiaony  of  tbe  BcdomitB  he  oon«ult«d,  an  to  tli«  mum  pnrpoM. 
n«  dugen  of  tbe  BUncxim  ore  of  it  different  chorooter,  tboueh  Uwj  an 
ovtt^tnly  aggrKvMi>i  bj'  tius  bliDdio^  Rflfocts  of  tb«  light  parttcjeaof  duk 
And  Und  lwrn«  alum^  bj*  It,  uid  bj  thnt  of  the  inhaUtioa  of  theu  npoa  tba 
lOTplntJon. 

t  bi  th«  narrow  -nUty  of  tfafi  Xlle.  boouded  n*  It  Iji,  abOT«  Ihe  Delta,  bf 
high  oliT)!,  all  kir-earrenU  from  the  northern  (lourter  beonmo  north  wioda, 
thoagh  of  conrH  ■mjing  in  i>u-tial  direction,  in  oonfonnity  with  the  Mm- 
ositiCB  of  the  valley,  t^pon  the  duaert  pSateao  the;  Inalloe  wnttWKrdB, 
and  bnvo  alruidj'  bcroe  into  ihe  valley  tho  sondu  of  the  eaatem  buika, 
and  driyea  thoea  of  the  we^teiu  quite  out  of  tbe  EgTptiJia  pootian  of  th« 
KUe  basin. 
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carry  no  desert  sand  into  it.  There  are,  bowc^or,  Ixith  curves 
and  angIo»  in  its  course,  and  lieuce,  wherever  ite  direction  de- 
viates from  that  of  tlie  wind,  it  might  rot'oivo  6«iid-driftft  from 
the  de«ert  plain  througii  which  it  rnni.  Hut,  in  the  oouree  of 
ages,  the  winds  luire,  in  a  great  mcafiure,  bared  the  projecting 
l>oinU  of  tJieir  ancient  dt-jRwiU,  and  no  greiU  accumuUtioii^ 
remain  in  eituatiutu)  fruni  which  eiUier  u  iiortlior  a  suuth  wind 
would  carry  tliem  into  the  valloy.* 

The  sand  let  fall  In  Kg-vpl  by  tlio  north  wind  is  derived,  not 
from  the  desert,  but  frum  a  vojj  different  eource — tlie  sea. 
Considerable  qnantitica  of  sand  are  throM'n  np  by  the  Mcditcr^ 
nuittan,  »t  and  between  the  mi)utli»(if  the  Nitis  and  indctnl  along 
ahni«t  the  whole  eoutlieni  ctiaBt  of  that  iti>a,  and  drifli.'*!  into 
the  interior  to  distanc«  varying  aocording  to  the  force  of  the 
wind  and  the  abundance  and  quality  of  tlie  material.  The 
aand  ao  tran8;tx>rtcd  contribntea  to  the  gradual  cle^ntiun  of  the 
Delta,  and  of  the  banks  and  bed  of  the  river  itself.  But  ju&t 
in  proportion  as  the  IkhI  of  the  stream  !e  el(s\-ated,  the  height 
of  the  water  in  the  annual  inundations  is  increased  also,  and  as 


*  These  ooniidentiotui  apply,  with  eqoat  fotoe,  to  th«  mppowtd  dancer  ot 
the  obatmcUoo  of  Uie  8iuai  Cmnal  by  tho  dritUng  ot  tli«  ileoert  aandft. 
The  wiiKld  (wtron  th«  lithiniu  un  almoiit  nnifanalj  from  Uw  north,  BDit 
thvj  tweyt  it  oompuaUruljr  diMui  of  flyiug  landB  looy  igM  al&M.  Tha 
tnoM  of  tb^  todtat  «anal  hetveMi  tb»  Bad  Bca  sni)  tha  NUo  an  eiicQ/ 
folJowed  for  a  «o(iildaekbl»  dManea  bom  Suea  Had  l1i«  drifu  tipoD  tho 
tithmiw  been  u  fbnddaUe  am  maaa»  hsTO  fearad  and  otbani  have  hoped,  thoM 
traoe*  would  have  beea  obliUntcd,  *sd  Lakt  Tiouah  and  the  Bitter  Lmkem 
filled  ap.  many  contnries  Bfio.  The  few  pwtidv  iiimx  bj  the  rate  «ut  utd 
wMt  wind*  towards  tho  lino  of  the  caaal,  wfll  ewilT-  b«  urcafced  by  pUuita- 
tioDB  or  other  aiinpla  tnethods,  or  removed  bj  drudging.  TtiA  real  danK«ra 
and  diffiraltiea  ot  thia  ma(nifl€«nt  cntorprUe— and  tbcf  \wm  beea  gnat — 
OOuBistvd  in  the  aatoro  of  tho  soil  to  bo  rttnovod  in  order  to  form  th«  lln«, 
and  Mpcciallj  In  the  cnnntantljr  increaxtng  aocnmulatlon  of  aea  Mind  at  tlia 
■OQthem  Iwrmlaiw  hy  lh«  tidM  ot  the  Red  Sea,  and  of  sand  and  NHe  ellme  at 
the  northern,  hy  the  aetkwt  of  iha  wiaA*  and  cmmnta.  Both  bmu  ace  shallow 
for  mUea  from  the  ■bore,  itad  tho  ezoaraUoo  and  tnaiotonauoe  of  deep  cibaa- 
ncU,  and  ot  oapadona  harbon  with  eaqr  and  eeetin  eptianeee,  la  auoh  looall- 
tiea.  is  doabtleas  one  of  tho  hardoac  problems  offered  to  modem  eogineem  tac 
pra«tioal  solatlon.    See  jMsf,  OtUugieat  hnporUnCd  ef  D*net,  itott. 
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tlie  iuclication  of  the  channel  is  diminifihed.  the  rapidity  of  the 
cnrrent  is  checked,  and  tlie  dopcxiitioi)  of  the  eUme  it  holds  in 
SDspeiiRion  w»nse<jneullj  protnoted.  Thne  the  winds  and  the 
water^  moving  iu  contrary  directions,  join  in  prodacinj;  a  oom- 
nioii  effect. 

The  sand,  blown  over  the  Delta  and  the  caltivatcd  hud 
higher  up  the  Btream  dttriiig  the  inandatiun,  is  oorcrcd  or 
mixed  with  the  fertile  earth  bronght  down  hy  the  river,  and 
DO  serioQB  injury  is  sustained  from  it.  That  spread  over  tho 
same  ground  after  the  water  has  sabeided,  and  doriug  tbe 
aliort  pci-i'"d  wlien  the  soil  is  not  stirred  by  cultivatiun  br  cot- 
ered  by  the  florid,  fonns  a  thin  pellicle  over  the  sarface  as  £ur 
as  it  extendi!!,  and  fierves  to  divide  and  dlstingaiah  the  enooes- 
tive  layers  of  slime  deposited  by  the  annual  inundations.  The 
particles  taken  up  by  tlte  wind  on  the  sea-beach  are  bc^ne  tm- 
ward,  by  a  hopping  motinn,  or  rolled  along  tlio  surface,  antH 
they  are  arrested  by  the  temporary  cessation  of  the  wind,  by 
vegetation,  or  by  some  other  obstmotion,  and  they  may,  in 
pioee;^  of  time,  accumulate  in  large  masses,  under  the  lee  of 
rocky  ])rojection&,  buildings,  or  other  barriers  which  break  th< 
force  of  tho  wind. 

In  tliei%  factt>  we  find  an  important  element  in  tlie  explanation 
of  the  sand  drifts,  which  liave  half  bnried  the  Sphinx  and  so 
many  other  ancient  mouiuuents  in  that  part  of  Egypt.  TIteM 
drifts,  as  I  have  said,  are  not  wholly  from  tho  deeert,  bnt  in 
laT^  proportion  from  the  sea ;  and,  as  might  be  suppusetl  &oai 
tltc  distant-c  they  have  travelled,  tliey  have  been  long  in  gather- 
ing. ^Vhile  Egypt  was  a  great  and  flourishing  kingdom, 
measures  were  taken  to  protect  its  territory  against  the  encroacb- 
nient  of  sand,  whether  from  tho  desert  or  from  tho  Mediter- 
ranean ;  but  tho  foreign  conquerore,  who  destroyed  &o  many  of 
its  religious  monuments,  did  not  spare  its  public  works,  and  tho 
process  of  phyiiinil  degradation  undoubtedly  began  as  eurly  as 
the  Pereian  invasion.  Tlie  ui^nt  necessity,  which  luu  cocn- 
pcUcd  all  tho  fiuccesBive  tyrannies  of  Eg\pt  to  keep  up  some  of 
the  canals  and  other  arrangements  for  irrigation,  was  uui  felt 
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wilh  respect  to  (ho  advaii eminent  of  the  sande ;  for  their  pro- 
gren  vaa  so  slow  m  hardly  to  1h3  j)erccptiblo  id  tlic  coarse  of  a 
single  reiffii,  and  long  experientsj  liaa  aliown  that,  from  die  na- 
tural effect  of  tho  innndatiotis,  tho  cultivable  Boil  of  the  valley 
IP,  on  the  whole,  trenching  ujwu  the  domain  of  tlic  desert,  not 
retreating  1>efore  it. 

The  oaftes  of  the  Libyan,  ae  well  as  of  many  Asiatic  desert*, 
hare  no  snch  gafeguard*.  The  eande  are  fa«t  encroaching  tipon 
them,  and  threaten  soon  to  engulf  them,  unlets  man  sliull 
retort  to  arteBian  wells  and  plnntations,  or  to  eome  other  ef- 
ficient mcana  of  cheeking  (ho  advance  of  this  fonnidahlc 
enemy,  in  time  to  save  thefto  in^tandfl  of  the  waste  from  final  do* 
stniPtion. 

Aeeumnlations  of  &and  arc,  Id  certain  cases,  benedcial  as  a 
pn>tcction  against  the  ravages  of  the  sea  ;  bnt,  in  general,  the 
vicinity,  and  especially  the  shifting  of  bodies  of  this  material, 
are  destmctiro  to  human  indnfttry,  and  hence,  in  civilized 
eonntriefl,  mcAsurea  are  taken  to  prevent  its  ^read.  This, 
however,  can  he  done  only  where  the  popniation  is  large  and 
enlightened,  and  the  ralue  of  the  soil,  or  of  the  artificial  eroc- 
tioiia  and  improvements  njxin  it,  is  oojislderable.  Hence  in 
the  dwertfl  of  Afrira  and  of  Asia,  and  the  inhaI>itL'd  lands 
which  border  on  them,  no  pains  are  nanalty  taken  to  chock  the 
drifbi,  and  whcD  onco  the  fields,  the  bonscs,  tJie  springs,  or  tlie 
canals  of  irrigation  are  covered  or  clmked,  the  district  is  aban- 
doned witliont  a  etniggle,  and  eurreudored  to  jx:r{>ctunl  dcao- 
lation.* 


► 


*  In  poiU  oC  tho  Aigeriui  tlwtrt,  BOmd  oflorta  am  mad«  to  robud  Ibe  ad* 
Tanoaofuuid  dunca  whioh  tttreatea  to  orenrlKilm  vilUge*.  "At  DobiU," 
MfB  LanrMit,  **  tbe  lowtt  ptrta  of  the  kftj  duniM  are  pUatod  iritb  palms. 
,  .  .  hut  tb(7  «n  Donstaatlf  meaanBd  vilb  barial  by  thn  muu\K  Tho  only 
nmedj  tmfloyi  by  tb«  luOiTM  oouUta  la  Httl«  isj  walli  of  ci7sUilixMl 
g^psam,  built  on  tb«  ctrMm  of  tho  dnnet,  togtAhta  iritb  hedfUM  of  <Wd  palm- 
Imtm.  Tb«M  defeiniva  m«wure*  are  aided  bj  inoemartt  labor  ;  fior  arary 
day  tba  peo|)lB  take  op  In  baaketa  tba  sum!  Uovn  over  to  lima  Um  nlg'lit 
before  and  oajtjr  It  bock  to  tbo  otbar  iUe  of  tb«  inan."—Mimolrm  tur  U 
Saiuira,  p.  14, 
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Sand  Danei  and  Sand  Plains. 

Two  fomiB  of  sand  deptwit  are  Bpecial]y  important  iti  Ea- 
ropean  and  American  ge<.>gmphj',  Tlie  uiie  is  tliat  of  dune  or 
Bhiftirg  h!11nck  ii|K>ri  tlio  c-oai^t,  the  other  that  of  barren  plaUL 
in  the  interior.  Tlie  c:uaBt-dniius  ura  composed  of  Baud  wadbed 
up  from  the  depths  of  the  sea  by  the  wav«j,  aiid  heaped  in 
more  or  less  ronudcd  knollg  and  nndulatmg  ridge«  hy  the  winds. 
The  sand  with  whiuli  many  plaiim  arc  eovered  appe&ro  aoi06- 
tiines  to  have  been  depoeited  uixiii  them  while  they  were  yet 
submerged  beneath  the  sea,  sometimes  to  havo  been  drifted 
fifHD  the  scat'oast,  and  scattered  over  them  by  wiud-currenti, 
Bometitnes  to  have  been  washed  upon  them  by  running  water. 
In  these  latter  casee,  the  dcpusit,  though  in  itself  considerable, 
is  comparatively  narrow  in  extent  and  irregular  in  dUci-ibuiiun, 
while,  in  tlie  former,  it  is  often  evenly  spread  over  a  veiy  vide 
Biirfac-c.  In  all  great  btKltes  <if  cither  sort,  the  silicious  ^ralni 
arc  the  principal  constituent,  thouijh,  when  not  rcsnitiug  from 
the  disintegration  of  Bilieiotis  mck  uiid  still  remaining  tn  phwe, 
they  are  gpnerivlly  aemmpaiiied  with  a  greater  or  leas  admix- 
ture of  other  mineral  particles,  and  of  animal  and  rcgotablc  re- 
mains,* and  they  are,  also,  usually  somewhat  changed  in  oon- 

*  OrgAuio  oOQBtitueata,  iuoh  as  commiiniled  tlielli,  oud  ^wiirw  aod  nX- 
eareona  exu%'UG  of  iufnaorial  aniraab  and  pUntM,  are  aometiaiM  fooad  nuas^ 
in  cousidorable  quantJdeA  with  mi&enU  santlB.  Tbew  ue  anikUjr  the  naoMom 
of  aquatla  ve£:atabl«i  oi  auimslR,  but  nut  unlformljr  m.  for  tho  musmeofdo 
oiyanlams,  vhow  flinty  caaca  enter  ew  lurirei;  Into  tbe  Hmd-bodi  of  (b*  Xuk 
ef  BnuiIenburK,  are  edll  livintT  *^^  prolifla  in  tbe  di7  earth.  S«e  WrrrWBa, 
P^pnhatuehf  Qtagraphit,  p.  143. 

Thfl  tleaert  on  both  sides  of  the  (Tile  ia  inbabited  hy  n  lutd-nnail  —ot  whidi 
I  havD  oovmtcd  oighty,  in  cstiinBtioD.  an  a  Mingle  shnib  bon-lj-  a  foot  lii(;h— aid 
tboiuaiida  of  ita  ahalla  an  awept  nJoji^  find  finall;  buried  in  Iha  drifts  \ij  evoy 
vlnd.  ETBiy  bandfhl  of  the  sand  contAiiu  fm^meDta  of  them.  ForcbbjUC- 
neit.  in  LUONRARU  und  ltRc:iN'8  Jahrbuch,  IS-II.  p.  8.  Kvyn  of  tl>e  wad^B* 
of  the  Daninh  aotml :  ''  It  ia  not.  raro  to  find,  hi^b  in  the  knolls,  mmrwo  ahdki 
and  e»p«cially  those  of  the  o^ater.  Tbe;  are  due  to  the  ojrrtor-cater  yUrnm^lafm 
9slraUgu»\,  which  corrica  hia  pro/  to  tha  top  of  the  danea  to  devour  tU"  Sm 
also  STARrxd,  /)b  Aidlmi  tan  jV«fei*i/irf,  L,  pi  331. 
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sietence  by  the  ever-varying  conditions  of  temj^eraturo  ami 
moisture  to  which  they  liB\'e  btwo  expoeed  since  tlieir  (lfjx.»*jt. 
UnlL<«8  tlic  proportiiin  of  these  latter  ingredients  is  so  latere  ni 
to  create  a  considerablo  adhesiveneM  in  the  maas — in  which  case 
it  can  no  longer  properly  lie  called  sand — it  is  inforlJlc,  und,  if 
not  chai^ged  with  water,  partially  a^littinated  by  iron,  liniOj  or 
oUicr  cement,  or  confined  by  alluvion  restinff  upon  it,  it  is  much 
inclined  to  drift,  whunever,  l>y  any  chance,  tlio  vegetable  net- 
work which,  in  most,  caee»,  tliinly  clothes  and  at  tho  &anie  time 
confines  it,  is  broken. 

Iluniau  induiitry  lias  not  only  fixed  the  flying  dunes  by  plan- 
tations, but,  by  niijung  clay  and  other  tenacious  earths  with  the 
EU{>erficnBl  stratum  of  extensive  sand  plains,  and  by  the  applica- 
tion of  fertilizing  substances,  it  has  made  them  abundantly  pro- 
ductive of  vegetable  Ufe.  These  latter  pn>cesses  belong  to  agri- 
culture and  not  to  geography,  and,  therefore,  are  not  eiubraced 
within  the  scope  of  the  present  subject.  Hut  the  preliminary 
fttep«,  whereby  wastes  of  loose,  drifting  barren  sands  are  trans* 
fonned  into  wooded  knolle  and  plains,  and  finally,  through  tba 
accumulation  of  vegetable  mould,  intouniblu  gniimd,  o institute 
a  eonqnest  over  nature  which  precedes  agricnltnre — a  geogra- 
phiral  rcvohition — and,  therefore,  an  accum>t  of  the  means  by 
which  the  cliauge  has  been  effecte<l  belongs  pn'pcrty  to  the 
history  of  man^a  inflncnce  on  the  great  featnre»  uf  terrestrial 
surface.  I  proceed,  then,  to  examine  the  structure  of  dunes, 
and  to  dcscril»e  the  warfare  man  wages  with  the  sand-hills, 
striving  on  the  one  hand  to  muintain  and  even  extend  them,  as 
a  natural  barrier  againitt  encroachmputs  of  the  sea,  and,  on  the 
other,  to  check  their  moving  and  wandering  pn.ipensitica,  and 
prevent  Uiem  fmm  tres|«ssing  tijion  the  fields  ho  has  planlcd 
and  the  habitations  in  which  he  dwells. 


Coa»t  Dunof. 

Coast  donee  are  oblong  ridges  or  round  Uillocfcs,  formed  by 
the  actifin  of  the  wind  npon  sands  thrown  np  by  the  wave*  on  the 
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in  a  contintions,  irregular  bulwark,  hat  deposited  in  '■^■•rf 
hilloeks,  they  have  a  tondoncy  to  aesnme  a  crwiccnt  ehupe,  the 
convexity  being  tnmed  seawards,  or  tflwai"dp  the  direction  fmn 
which  the  prcvailiag  wuids  proceed.  This  fact,  the  ^ologieal 
bearing  of  which  is  obvioiift,  is  not  noticed  by  prerjous  French 
writers  or  even  hy  Andreaen,  thouijh  a  senii-hmar  outline  has 
b<wn  long  generally  ascribed  to  inland  dunes.  It  is,  howDT^r, 
erident  that  such  a  form  would  naturally  he  prodnoed  by  the 
action  of  a  wind  blowing  long  in  a  given  direction  npon  a  maas 
of  lixise  stLiid  wjili  a  fixed  (teutre — siieh  aa  ie  uonBtitnted  by  thff 
Rhnib  or  stono  around  which  the  sand  ia  first  deposited — and 
free  extremities. 

On  a  reeodiiig  coast,  dunes  will  not  attain  bo  g^reat  a  height 
ad  on  more  secure  shores,  because  they  are  undermined  and 
tarried  off  before  they  have  time  to  reach  their  greatest  dimen- 
eiona.  Ilence,  while  at  ebi'Uei-ed  points  in  South-westcni 
France,  there  aro  dunes  threo  hundred  foet  or  more  in  bcigfal, 
4hoee  on  the  Frisic  Islands  and  the  exposed  partHof  the  coMtof 
Schleewig-irol stein  range  only  from  twenty  to  one  Inind  red  feet 
On  the  western  shui'cs  of  Africa,  it  tn  maid  that  they  aomctiinei 
attain  an  elevation  of  six  hundred  feet.  Thia  is  one  of  the 
very  few  points  known  to  goographers  where  desert  sancb  are 
advan<nng  sitawards,*  and  here  they  rise  to  the  greateet  altitude 
-to  whi<;h  sand-grains  can  be  carried  by  the  wind. 

The  hiUoets,  onco  deposited,  aio  held  together  and  kept  in 
ahapp.  partly  by  mere  gravity,  and  partly  by  theali^litooheBcn 
of  the  lime,  clay,  and  organic  matter  mixed  ^vith  the  sand  ;  and 
it  is  observed  that,  from  capillary  attraction,  evaporation  fmm 
lower  strata,  and  retention  of  rain-water,  thoy  are  alwaya  nujtsi 
a  littlfi  ImiIow  tho  fiT]rf.ice.+  I!y  sih'ca-ssivr  aocumnlationa,  iheT 
gradually  rise  to  tlio  heiffbt  >if  thirty,  fifty,  sixty,  or  a  hnndnd 

*  "  On  ihe  wont  oramt  of  AfHea  the  <!«»•  btv  dHfting-  leawmrdii.  ad()  m1w«ji 
reoeiring  new  ucccmious  from  the  Saluum.  Th«7  arc  ootuttentljr  lulTaiidag 
ont  Into  the  uml"^ — Naumasn,  tlm^iunrie,  11,  p.  1172. 

t ''  Ihiues  are  aIwa>H  full  of  wnter,  from  tbe  ftctioo  of  capillmT7  RttractlOB. 
Upon  die  munmitH,  one  eqldom  neetb  to  dig  tnore  than  a  foot  to  SikI  IIm 
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feet,  and  sometimes  even  much  higher.  Stronf;  winds,  instead 
of  udiliug  to  tliLMr  elevation,  swei-p  off  \ooee  ptu-ticl(»  fnnn  riivir 
BiirfiKw,  and  ihtw;,  with  others  bluvrn  over  or  between  them, 
hnild  up  a  second  row  of  dane«,  and  ho  on  according  to  the 
character  of  the  wind,  tlie  etip|>ly  and  consistence  of  the  sand, 
and  the  face  of  t)ie  country.  In  this  way  is  formed  a  belt  of 
Mind-dnnc^,  irrejfnlarly  dispfrsed  and  varying  raiuih  in  liei^t 
ami  diuiensionK,  and  f>oiiierin)<!«  many  nnles  in  hrcathh.  On 
tlie  Island  of  Sylt,  lo  the  German  Sea,  where  there  are  several 
n-iWB,  the  width  of  the  belt  is  fn>m  half  a  mile  to  a  mile.  There 
arc  flimilnr  ranges  on  t\w  t'<>«st  of  Ilulland.  oxreeding  two  niilca 

■Md  mobft,  mod  In  {he  dejirewiflnH,  fraah  watMr  (i  mat  with  iwar  llio  BufHoa.** 
— FiiRciniAXHifK,  in  LKuMi\ai>  uivd  BaoxN.  tv  ISil.  p.  5,  note. 

On  tbo  other  hand,  AndreHtn,  who  ha«  tct;  carefully  inrerti^pited  Uila  u 
wftl  ju  sU  uth«i  dime  phflDomctia,  mainUliui  tb«t  tlte  huioidity  of  tb«  sand 
rMirr-K  amnot  he  derived  frnm  capillary  ■ttvaotton.  He  fiMmil  by  expcrimrait 
Ihnt  a  b«ap  of  drift-Band  waa  not  mobteaed  to  a  greater  bvi^bt  than  eUrht 
and  a  half  iocbea,  attar  Blonding  with  jta  Inwe  ■  wbola  night  m  inUcc  Ha 
•tatoa  lh«  minimum  ot  water  ooutained  by  the  nad  ot  Ute  donea,  one  foot 
below  lbs  wnrtmoe,  aftar  a  Ung  drought,  at  two  per  crnt,,  the  muimtim,  after 
a  rainy  montli.  at  (oar  iter  cent  At  (r'^«ter  depth*  tbe  qnantity  !•  Urser. 
nie  hygnwcopict^  of  the  luud  of  the  coairt.  uf  Jutland  ho  fDond  to  be  tJiiny- 
thrM  pat  oenik  by  vaeamn;  or  21.5  by  weight  The  annual  prc<-jpitation 
no  that  ooaflt  ia  tweuty-iewn  Incfaei,  and,  aa  the  evaporation  ii  abuut  tLo 
Mae,  he  ai^ce  that  rain-water  does  not  pRnetrat«i  hr  tieiieath  the  irarfan^  of 
the  dnaea,  and  concludvn  that  their  hamidity  oan  t>«  explained  only  by  erap- 
emtloo  frmn  below.  — fM  A'ftV/itnnnKaiMn,  pp.  lOII-llO. 

In  tb«  dunen  of  .Utrorla,  water  U  m>  abaudant  that  wella  are  oonatantJy  dag 
in  them  at  high  potata  on  their  mirfare.  Tbey  an>  sank  to  the  depth  of  threa 
or  four  mitre*  only,  atid  the  wat^r  ii»««  lo  the  height  of  a  rnAtre  in  them. — 
Lafrbkt,  jmmaire  ttrt*  Ht^ara.  ftp.  II.  13,  13. 

Tbe  wmn  wrhcr  obaervee  {p.  14>  (hat  tbe  boDowa  In  the  donee  are  planted 
with  pafana  whioh  find  mohtanv  aaongb  a  littie  below  thi;  ■irtaoo.  It  would 
beoca  aecm  that  the  proiMNal  to  fii  the  dasM  which  ar«  nippoaed  to  threaten 
the  Saea  C&nal.  by  ptanUnf  the  narithite  pine  aad  othar  treoa  npoQ  thein.  [a 
DoC  altoinrther  so  nUmrd  aa  it  haa  bemi  Ihoogbt  In  bo  by  Mine  of  thnae  ilUia- 
tanelAd  philanthropiMa  of  olht>r  nationa  who  wrrv  ilistrrwied  willi  (eiw*  I  hat 
Fr*neh  oapttnliata  would  loee  the  moooy  tbey  had  Inveetod  In  that  irreat 
ttndenaking, 

Pmid*  of  watn-  are  often  (otind  io  the  depreadam  between  the  nnd-biUa  of 
the  dnnc  chatoa  in  the  North  American  d«ert. 
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in  hroiadth,  while  at  the  months  of  the  Xile  they  form  a  zone  not 
lesa  than  ton  miles  wide. 

Tlie  ba*e  nf  some  of  (he  dimoa  in  the  BnltA  of  the  Xile  la 
reftchod  by  tlie  river  during  the  annnal  innndation,  and  the  id- 
iiltration  of  the  water,  which  contains  lime,  ha8  converted  the 
lower  Btrata  into  a  silicious  limestone,  or  rather  a  oalcarcoos 
Baiulstone,  and  thus  afforded  an  oppnrtnnity  of  studying  the 
etrncture  of  that  rock  in  a  locality  where  its  origin  and  mode  of 
aggregation,  and  solidification  are  known. 

The  tide,  thongh  a  ufinal,  is  hy  no  means  a  neceeeary  condi- 
tion for  tlie  hccmn Illations  of  sand  out  of  wlxich  donee  «« 
formed.  The  Baltic  and  tlie  Medit^rmueau  are  almoet  tidelcas 
tens,  bat  there  arc  vast  ranges  of  dunes  on  the  Riusiau  and 
Prussian  coasts  of  the  Baltic  and  at  the  intmlhs  of  the  Xile  and 
nianv  other  jioints  on  the  shores  of  tlie  Me^iitciTanean.  The 
vast  shoals  in  the  latter  sea,  known  to  the  ancients  as  the  Great- 
er and  Lesser  Syrtis,  are  of  marine  origin.  They  are  atill  fill- 
ing up  with  sand,  washed  np  from  greater  depths,  or  sometimes 
drifted  fi-oiu  the  coast  in  small  cjnanlitiee,  and  will  probably  be 
converted,  at  some  fiitnre  pcritid,  Into  Ary  land  covered  with 
B&nd-hiUs.  There  are  also  extensive  ranges  of  dnnea  upon  the 
eastern  shores  of  the  Caspian,  and  at  the  sonthem,  or  rather 
eoutli-castern,  extremity  of  Lake  Michigan.*  There  is  no  doabt 
that  this  latter  lake  formerly  extended  much  farther  ui  that 
direction,  but  its  southeni  portion  has  gradually  shoaled  and  at 
lastl>ccii  converted  into  B4)Iid  land,  in  consequence  of  the  prcra- 
lence  of  the  north-west  winds.  These  blow  over  the  lake  a  large 
part  of  the  year,  and  create  a  southwardly  set  of  the  cammta, 
which  wash  up  sand  fnun  the  hcA  of  the  lake  and  tlirow  it  oo 
slmi-e.  Sand  is  taken  up  from  the  beach  at  Michigan  City  hv 
every  wind  from  that  quarter,  and,  after  a  heavy  blow  of  eocm 
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'  The  careful  obAerTii.tloQS  of  Colonel  J.  D.  Orob&m,  of  th«  United  StaiM 
Army,  abnir  a  Ude  of  about  three  inclies  in  Lake  Michigan.  Se«  **  A  Trn^ 
Tidal  Wnve  in  tho  Nortli  Am«rio«D  LaluB."  damonitnted  by  Lieot.-Col<md  J. 
D.  Omham,  in  tlie  fonrteeotfa  volnne  of  the  Protgedtmgt  of  Ot» . 
daticnfor  tht  Adc^nf^ment  of  Sdtnce. 
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hours*  duration,  sand  ridgea  may  be  obeerred  on  the  north  side 
of  the  fences,  like  the  mow  wreatlis  deposited  hy  a  drifting 
wind  in  winter.  Some  of  the  porticlcfi  are  carried  back  by  con- 
trary winds,  but  meet  of  them  lodge  on  or  behind  the  dune«,  or 
in  the  moist  soil  near  the  lake,  or  are  entangled  by  vegetables, 
and  tend  pennanently  to  elevate  the  level.  Like  effects  are 
produced  by  eoiiBtant  scn-wiudg,  and  duuca  will  goncrally  bo 
formed  on  all  low  eoasta  whore  ewih.  pi-evail,  whether  in  Cide- 
laeB  or  in  tidal  watcra. 

Jolmrd  thus  describes  the  mod^u  (tperandij  under  ordinary 
circuuistanees,  at  tho  moutlie  of  the  Nile,  where  a  tide  can 
acarcely  Iw  dolerted :  "  \\nien  a  wave  brcaka,  it  depoeiw  an 
almoet  imperceptiblo  line  of  tine  wind.  The  next  wave  brings 
also  its  contribution,  and  Khovcs  tlte  preceding  line  a  little 
higher.  As  soon  as  the  particles  are  fairly  out  of  tho  roacii  of 
tho  water  tlioy  are  dried  by  the  heat  of  iJie  burning  ami,  and 
inunediatcly  seized  by  tho  wind  and  rrtlled  or  borue  farther  in- 
land. The  gravel  is  not  thrown  out  by  tho  waves,  but  rolls 
huckwanis  and  furwanls  nntil  it  is  worn  dtiwii  to  the  state  of 
fine  fraud,  when  it,  in  its  turn,  is  cast  npon  the  land  and  taken 
np  by  the  wind."  *  This  description  appliee  only  to  the  com- 
mon evory-day  action  of  wind  and  water;  but  jnst  in  projtor- 
tiou  to  the  increasing  force  of  the  wind  and  the  wavcH,  tiicre  m 
an  increase  in  tlte  quantity  of  sand,  and  iu  the  magnitude  of 
tlie  particles  carried  oif  from  tho  beach  by  it,  and,  of  com^ 
every  storm  in  a  landward  direction  adds  senubly  to  the  accn- 
iDDlation  upon  the  shore. 

iSand  Banks. 


Although  dnnee,  properly  fio  called,  are  found  only  on  dry 
land  and  above  ordinary  high-water  mark,  and  owe  their  eleva- 
tion and  stmctnro  to  the  action  of  tho  wind,  yet,  npon  many 
slielving  coasts,  accumulations  of  sand  mudi  resembling  dunce 
are  Ibrmed  under  water  at  some  distance  f  rum  tho  shore  by  tho 
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OBclllatiotis  of  the  wavea,  and  are  well  knovn  hy  the  name  of 
Band  banke.  They  arc  nsaally  rather  ridfres  dian  bankSfOf 
imxlcratc  inclination,  »nd  with  tlie  steepest  slope  Beaw»nK* 
and  their  furm  differs  little  from  that  uf  dunes  exoept  lit  tfai* 
last  particular  and  in  being  lonrer  and  more  oontinnoos.  0poB 
the  veetem  coast  of  the  t&Und  of  Amrum,  for  e:taniple,  tJten 
are  three  raws  of  such  batiics,  the  summits  of  which  are  at  a 
distance  of  perhaps  a  couple  of  milcit  5-om  each  other  ;  so  that, 
including  tlie  width  of  the  hanks  Uieineelves,  the  apaires  between 
them,  and  the  breadth  of  the  xone  of  dunes  upon  tlio  laud,  the 
belt  of  moving  sandd  on  that  coast  is  probably  nut  leaa  than 
eight  miles  wide. 

Under  ordinary  circumstances,  sand  banks  arc  always  rolUo^ 
landwardft,  and  they  conijK«e  tJie  magaidne  from  which  the 
material  for  the  dunes  is  derired-t     Tlte  duneti,  in  ^ct,  are  bitc 
aquatic  sand  banks  transferred  to  dry  laud.     The  t&ws  of  their 
formation  are  closely  annlogous,  becauiw  tlte  acttou  of  the  two 
fluids,  by  which  they  are  rt*jH,'ctiveW  accumulated  and  bnilt  np. 
h  very  similar  when  brought  to  l>ear  upon  loose  partictee  of 
solid  matter.     It  would,  indeed,  seem  that  the  slow  and  oom- 
paratively  regular  niovcmenta  of  the  heavy,  unela«tic   water 
ought  to  affect  such  particles  very  differently  from  the  aadden 
and  Atful  impnlsce  of  the  light  and  elastic  air.     Hut  the  velo- 
city* of  the  wind  currents  gives  them  a  niechanicAl  force  approx- 
imating to  that  of  tlie  slower  waves,  and,  however  difBcuIt  it 
may  be  to  explain  all  the  phenomena  that  characterize  die 

*  EoBi^  Iniutn  «nd  Manehea  HcJtUmaiff  SMtbta,  H.,  p.  88.  Prom  »  dnv- 
tn^  In  Akdrrsek,  Om  KUfJtirmUionen,  p.  34,  (tiroald  apfMAr  thmt  oo  tfat 
BchloBwig  const  Uio  eurf-fonaod  buikB  h»T«  th«  Bt«epoat  slope  Iwulwml^ 
tJiuae  fnrUiatr  from  Ibe  ithore,  iw  kUUiI  Iti  th«  l«it. 

f  Hwul  bttnlcH  BoinvtiinaK  ooniiect  th^mMlroii  wibh  tba  ooast  at  botli  md^ 
•nil  thnit  <mt  off  a  pmrtton  of  thn  wa.  In  tkU  tmm,  m  well  u  when  aaft  '•mjtm 
U  euiJoMfrcl  by  BCa-<likos,  Uie  wiit«r  thus  wp«mt«d  from  tfa«  ooMui  ^nidml^ 
bsoomua  fM«li,  or  at  leMt  bnu^lcbih.  Tbe  Malh,  or  \aiga  espsoaM  of  talk 
water  In  Eaitezn  Pruwia— which  are  divided  from  tbs  Baltio  \xj  nacrow  ^ad 
iMoka  oalled  Nebrun^n,  or,  at  fibaltereil  |>i>iat«  of  the  ooaat,  ktf  BaiiMlt* 
dvponta  oolled  Weideiv— all  hxn  one  or  more  open  paiwgn,  throngli  wUoh 
tha  water  of  the  dren  that  inppl  j  tliem  at  lattt  flnda  iu  wajr  to  the  WMk. 
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etnictnri}  of  tho  dime*,  obeervatitjii  hm  proved  that  it  is  nearly 
identii-.al  witli  tJiat  of  submerged  e&ud  bauks.*  Tbe  differuncea 
of  form  are  generally  a&orlhablo  to  the  greater  miiiil»er  aud 
variety  uf  surface  accidetita  of  tJiu  f^ivuud  on  wliicb  the  tuuid 
hills  of  tJic  liuid  are  built  up,  aud  to  the  more  freijueut  cbaugtM, 
and  wider  variety  of  direction,  in  tJio  cour&ee  of  the  \rijid. 

C&arai,'i«r  of  Dune  Saiui. 

"  Duno  Band,"  Baya  Staring,  "  coneists  of  well-rounded  grains 
of  quartz,  more  or  lose  colored  by  iruti,  and  often  iiiiiigled  with 
frugincnts  of  ghulls,  Btnal]  indeed^  but  t>till  visible  to  tho  naked 
eye.t    These  f]-agtnentc  are  not  eon^tant  coutitituents  of  dune 

*  Porolihainmcr  axnltMB  the  rMemblonoa  between  the  f orrowing  of  the  Anaa 
asada  ftuil  tlie  b«aob  tl|>pl«».  not  to  tbe  lUQiJahty  of  tJ)«  effect  of  wind  uul 
vTfttet  npun  atuul,  bat  wbollj  to  the  aotioo  of  the  wiiul ;  in  the  flnt  inrtwiee, 
direct^,  in  the  Utter,  through  the  water.  **  The  wisd-ripple*  oa  the  iurfus 
of  the  daoBB  precue)y  tosomble  the  wmter-ripplea  of  nnd  flftte  ooouIodjUIj 
OTOrfloired  bj  tlie  saa ;  and  nitb  tb«  doMSt  Mmtlny,  I  ban  neret  bMn  »U« 
to  detect  the  eltghtwt  differanoe  between  tbeni.  This  ia  oMUy  expl*inod  b7 
the  fMt,  that  Um  vrAter-ripplee  are  produced  hj  th«  aotkia  of  light  wind  on 
the  wAter  which  only  txuumtbi  the  air-wftvea  to  the  auid.**— Lkorhard  mid 
BBOftw.  I«41,  pp,  7,  8. 

t  AdBonlIng  to  the  Piemh  authoriUM,  the  donee  of  Fnuoe  mo  not  klwaye 
eooipoMd  of  qtuuUoM  tttod.  "  The  done  aaads  "  of  diffvreot  ohuaot«ts,  aaom 
BidiBontier,  "  partake  of  the  lutture  nf  the  different  mal«rlak  wfaloh  ooanpose 
tbeta.  It  certain  point*  on  the  coast  of  Nonnandf  the;  are  found  to  bo  purelj 
caloareoaa;  thejr  are  of  inized  oooaporition  on  the  ahoree  of  llrittan;  and 
HaJntonse,  and  pmerallj  qtiartxoee  between  tho  month  of  the  Otroode  and 
that  of  the  Adoor." — Mimoinntr  tulhtnm,  Anaatm  dm  i\mt»  H  CAoiMite,  t. 
vlL,  18SS.  leraimeatn,  p.  IML 

la  klu  dwm  oC  Long  labutd  and  of  Jutland,  theie  ai*  ooMtdanUe  valaa 
eompoaod  almoat  whoUy  trf  ganwl.  For  a  rery  fnll  exiuiuoation  of  tlw 
taaebaulcnl  and  ohamioal  oompodtian  of  tho  dons  Banda  of  Jutland,  ae« 
AvtmaSKir,  Om  KUtflfrmatbiunt  p.  I  lO. 

Pnaa  Infonna  n,  Au$  dm  Orttnt.  pp.  176,  177,  that  the  dune  aanda  of  th* 
Vgyftbm  ooaat  ariae  from  tho  dinintefraiioo  of  the  calearaoaa  BODdatooo  of  the 
aau*  nfitm.  This  aandaUnie.  ootopoaad  in  a  larg*  proponlou  of  dotxitna  of 
both  laad  and  aea  ahcUa  mincled  with  qnarta  aaad,  Mffmn  to  han  bees  ooo- 
aoltdaiod  nndat  water  dariog  an  anoiaiit  pedod  of  tatMldafioa.  A  later  np- 
heaval  bruoffht  ft  to  or  noor  the  snrfaoe,  when  it  waa  more  or  leaa  dbantagra- 
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eaiid.  Tlicy  arc  Bometlmes  found  at  tlic  veiy  summits  of  the 
httlcicks,  as  at  Ovcrveoi) ;  in  tlie  King's  Dune,  near  Eginond, 
tl  K'y  fo nn  a  coaree,  calcai-ooue  gravel  very  largely  distribqted 
tliiTHi^'h  tlie  eaiij,  while  tlie  interior  dnnce  between  Haarlem 
and  Warmotid  exliibit  no  trace  of  them.  It  ie  yet  undecided 
whether  the  jn-L'sertce  or  abseuce  of  these  frapneiits  ia  dctcr- 
iniued  by  tlxc  period  of  the  f  urmatioii  of  tlie  dunes,  or  whether  it 
dejieudson  a  differonco  in  the  prouoss  by  vrhich  difienint  dunea 
h&ve  been  oct^iitntilatcd.  I^nd  fthellH,  wach  an  gnaila,  for  exam- 
ple, are  found  on  the  sui-facx  of  the  dunes  in  abundaoce,  and 
many  of  the  eholly  fnij^ineiiU  in  the  interior  of  iho  hillockamay 
be  derived  from  the  fiftine  ftmroo."  * 

Sand  coiici-otiuiiB  form  witliin  tlie  dimes  and  especially  in  Urn 
dcprcssiuns  between  them.  These  are  ftomctimcs  so  extensile 
and  buiierviou*  as  t*i  retain  a  sufficient  supply  of  water  to  feed 
Iiei-eiiiiial  sjiringe,  and  to  Uyrm  bijihII  puritianeiit  puuda,  and 
tliey  are  a  great  iuipediinont  to  the  peuotratiou  of  iviota,  and 
consequently  to  the  growtli  of  trees  planted,  or  germinating 
from  self-sown  seeds,  upon  the  dunc&t 

ted  liy  tbe  ftoUon  of  the  mvu  ood  }jy  tndteorialnflaMMM  ■  prooeia  atfU  (oiof 
on— luid  it  U  iit>w  ngoin  sulMdiug  with  the  oout  it  mta  oo. 

Tbe  calmreons  mii'cl  (iHiriTi^  fmm  the  oomminntktn  of  oonUs  forma  dusM 
on  Bunid  of  the  Wc)>t  luiLa  Isliuida.— AOABSIZ,  BuiSUtin,  of  th*  Muuutn  vf  CVm- 
paratioe  Zoitug^,  vol.  I. 

•  St  Bodem  tan  Neiifrland.  \.,  p.  823. 

f  RTJiiimii,  D«  Ikidem  turn  Jifd^Hand^  L,  p.  317.  See  also  BERaaAa, 
JSermtltHi't  Vifktomhtd,  il„  p.  M. 

'*  Id  the  iiBnil-hiU  pnnila  mGnUoned  tn  tho  text,  thsre  U  ri^rotu  growth  of 
bog  plunia  «o(x>ui])auie(l  with  the  formalion  of  peat,  which  goes  oa  rqfuktlj 
HA  long  aa  the  dnne  sand  does  Dot  drift  But  if  the  mrfaee  of  tbe  dasae  to 
broken,  the  muiA  blowx  Lnto  the  pooda,  coTen  tbe  p«*t,  And  puts  kq  end  to  ib 
fonnotioD.  When,  in  the  conrBe  of  time,  numiie  cmrnmte  cut  aws;  tbe  eewt. 
the  dtmcia  move  lacdnrardA  ftci  All  np  thu  ponds,  and  tfaasare  tonuej  tht 
reiaorkable  Btmta  of  foasile  peat  call^id  MoriuiT,  which  oppenn  (o  be  m> 
known  to  the  geologists  of  other  parts  of  Enrope." — FciBcunAVMKB,  tn 
LKoxn.\Rn  und  IJkunn,  imi,  p.  13.  Mortwrr  hiu  a  specific  BptaTitor  tlurke 
lu  ffrptit  lui  thst  of  ordinni?  pent  in  conseqnonoe  of  the  preasore  of  tbtt  aaaA 
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TnUrtor  Structure  of  Dunes. 

Tlie  interior  structure  of  the  dnncs,  the  arraiigcmetit  of  their 
partit^Ics,  is  not,  as  might  be  expected,  that  of  an  uooi^nized, 
confused  heap,  bat  they  ahow  a  strong  tendency  to  atnitifica- 
tioD.  This  is  a  point  of  much  geological  Interest,  tecutii^e  it 
indicates  that  aandatone  may  owe  its  stratified  character  to  the 
action  of  otlier  forces  as  well  as  of  water.  The  origin  and 
peculiar  character  of  tliese  layers  arc  dne  to  a  Tariet^  of  can»e&. 

P'or  example,  a  sonth-west  wind  and  current  may  deposit  iipou 
a  dutic  a  stratnm  of  a  given  color  and  mineral  compotiltioii,  and 
this  may  be  succeeded  by  a  nortli-west  wind  and  current,  bring- 
ing with  tlicin  particles  of  a  different  hue,  cunstitutlun,  and 
origin.  Again,  if  we  suppose  a  violent  tempest  to  strew  the 
beach  with  sand-grains  very  different  in  magnitude  and  «]>ecitic 
gravity,  and,  after  the  sand  ie  dry,  to  be  succeeded  by  a  gentle 
breeze,  it  is  evident  that  only  the  lighter  particles  will  be  taken 
np  and  carrie<l  to  the  dunes.  If,  after  some  time,  the  wind 
freshens,  heavier  grains  will  be  transfwrted  and  deiwwired  on 
the  fonner,  and  a  still  stronger  succeeding  gale  nnll  roll  np  yet 
larger  kemelis.  Kach  of  these  depoeiLs  will  form  a  Btratuni.  If 
we  suppose  the  tempest  to  be  Allowed,  after  the  sand  is  dry, 
not  by  a  geutio  breeze,  but  by  a  wind  powerful  enough  to  lift 
at  the  same  time  particles  of  very  various  magnitudes  and 
weights,  the  hcaviut>t  will  often  lodge  on  the  dune  while  the 
lighter  will  be  carried  further.  T\»»  would  produce  a  stratum 
of  coarse  sand,  and  the  same  effect  might  result  from  the 
blowing  away  of  light  particles  out  of  a  mixed  layer,  while 
the  heavier  remained  undisturbed.*  Still  anotlier  cau*e  of 
apparent  stratitication  may  be  found  in  the  occasional  interpu- 

*  The  lower  sCniU  mtut  ha  oldf>r  Uun  tiio  niporflciAl  lavetm  Uld  tb«  pani- 
dM  which  compoc"  th«in  maf  in  tim»  bftoome  more  di^ntegratod,  mud  thetv- 
ton  Biur  tfaoD  those  depa«it«d  later  wid  »b(n«  tiunn. 

HbU  iog«ii<nul3r  «agire«t«  thftt,  beaidM  other  ehkn^wi,  flue  muuI  iBtem'fxed 
wiUi  oc  depoAted  abore  ft  ooaner  sfaabun,  u  well  u  th«  miaut*  pftrtidea 
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sitlon  of  a  thin  layer  of  Il'avl'S  or  ot}kor  vegetable 
between  successive  depu^iU,  and  thu  I  itnai^e  to  bo  mon 
freipioiit  than  has  beeu  guuerally  euppoged.  Sume  geologitts 
have  thought  that  the  sand  strata  of  duuee  an;  uf  aunual  fomu- 
tloii  i  *  but  the  autiiiiiital  deposit  of  foliage  from  neighboring 
ti-eee  and  shriihs  furnished  a  more  probable  explauation  of  tba 
diviijion  of  the  sand-licaps  into  regular  lajei-a. 

A  late  diivtiii^iiiBhed    American  admiral   ooinniiinicatod   to 
lUG  an   interfstitig  obtSLTvutiuu  made  by  him  at  Snii  Krauctsec^ 
which  has  an  ini[x)rtant  bearing  on  the  arran^mcnt  of  the 
particles  of  sand  in  duuee  and  otlier  irregular  accuraulations  of  | 
that  ijubstaucti.     In  laying  out  a  navy-yai-d  at  thut  {Mirt,  a  lvg*| 
quantity  of  earthy  inELterial  \va8  removed   from  the   dunce  aiuli 
Other  hillixikg  and  carted  to  a  low  piece  of  ground    whiciil 
required  tilling  np.    Sand  of  various  characters,  fine  ami  &mx»% 
gravel,   and  common  wirth   were  droi)ped  promiscuously  b/ 
the  carte  as  accident  or  couvenienue  diL>tated,  aud  uf  ooujm 
tbey  were  all  confusodly  inti.Tniixed.     Some  lime  after,  wbuo 
the  new  ground  was  consolidated,  variona  excavattuus  ww* 
made  in  it,  and  the  different  materials  of  wlueh  the  filltug  wai 
composed  were  found  to  bo  stratified  with  considerable  r^D- 
larity,  according  to  their  fipecifii.' gravity. 

7Vo  explanations  of  Uu5  remarkable  fact  ftnggest  tlioinfiehei 
to  me,  which,  however,  do  not  perhaps  exclude  oibcr«.  Saa 
Francisco  is  subject  to  earthquakes,  and  though  violent  or  ertn 
sensible  shoclcs  are  not  very  fi-e<iuenl,  it  is  higldy  prubaUlo  that, 
as  is  nhown  to  be  the  ca^^  in  mauy  other  countries,  by  late  mU- 
mological  observations,  there  are,  iu  the  eonrse  of  the  year,  a 
great  number  of  slight  shocks  which  escape  unseiuntifio  oUtcr- 
vation.    A  frequent  repetition  of  uligUt  trcrabliogs  of  th»  eaidi 

resulting  from  the  dlmntejfr^tioii  of  the  (rrainB  of  Um  Utbar,  may  be  rarrinJ 
by  mill  in  tlie  cuM  of  Juuoa,  or  bjr  thi;  ordinary  aoUdti  ctf  —  watur  in  tWl 
of  Baiul-bttnlu,  down  through  tiii  iatontiaMiii  Un  ooarMr  1^*^*  aaA  ttnslk* 
rulnbivc  positioo  of  Mod  and  ^rarU  toMj  b«  diaoged. — Oon^mig  dtr  Ot^mt^ 
aeit  Du<nca,  p.  103. 

*&raouAKN,   OeotoffiuAt   WuHderunfiea    dank   lUt    rtwimimikn    Oit-Sn 
Protintcn,  IBW,  p.  81. 
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would,  like  any  other  modente  me<:bjuiioAl  agitation,  prubtr 
bly  produuu  Uio  Bcparatiun  of  u  niisoellanwiu  ibhb,  liku  tliat 
deecribed,  iuto  distinct  lajrcrs.  Again,  tJio  I'uuific  txwst,  liko 
all  others  upon  an  opou  sea,  is  exposed  to  inec&Kant  oonciiasion 
from  the  shook  of  the  waves,  whidi  is  repeated  many  tboosaiid 
times  a  day.  This  concussion  is  oftco  sensibly  felt  by  tho 
ulwerver,  and  it  sbcnis  not  in  tlie  least  iinpmbable  that  tlie  agita- 
tion may  have  tended  to  prodtiue  a  etratilied  arrangement  in 
the  case  at  San  Francisco,  as  well  as  iu  all  onast  danes  and 
other  acenmuiationB  of  loose  niiuural  material  iu  similar  situa* 
tioofl.  Kohl  obeerves  that  the  shore  ou  the  hiudward  side  of 
tho  filce  of  duncA  often  trembles  from  the  sliuck  of  the  waves  uti 
the  beach,"  and  Villononve  established  by  careful  cx|wriment 
tliat  at  Dnnkerquo  tlio  ground  is  sensibly  agitated  by  tlie  same 
cau&e,  in  stormy  weather,  to  a  distauce  of  more  than  a  mile 
from  the  sea. 

The  eddies  of  stning  winda  botwoon  llie  hillocks  must  also 
occasion  dtsturbanoee  and  re-arrangomcnlB  of  the  eand  laj'Bis, 
and  it  seems  possible  Uiat  the  irregular  thickDe^s  and  the 
strauife  contortions  of  tlie  strata  of  tJic  fMindistonc  at  Petra  may 
be  due  to  some  such  canse.  A  carious  obecrvation  of  Frofeesur 
Forchhammcr  Miggtteti  an  ex]>lanation  of  another  peeuliarity 
in  the  stnictiirc  uf  the  sandstone  of  Mount  Seir.  tic  deaeribee 
dunea  in  Jutland,  comiHMod  of  yellow  qnartzoee  sand  iuter- 
ntixed  with  black  titanian  iron.  Wlien  the  wind  blows  f»ver 
tlie  surface  of  the  duiiu^,  it  furrows  tho  sand  with  ultcniat« 
ridgee  and  depreesions,  ripj^les,  in  short,  like  those  of  water. 
The  swells,  the  dinding  ridges  of  the  syatem  of  sand  ripples,  arc 
composed  of  the  light  grains  of  quartz,  while  the  heavier  iron 
ntlls  into  the  depreuons  between,  aud  tlnis  the  whole  siufuco 
of  the  dune  appears  as  if  covcixmI  with  a  tine  black  network. 

Tho  sea  side  of  duiiee>,  being  mure  exposed  to  the  caiiricos 

of  the  wind,  is  mora  irregular  in  fonn  iluui  the  K-e  (jr  land 

aide,  where  the  arrangement  of  tho  particlee  is  affocted   by 

fewer  disturbing  and  (-<)iifli«'ting  inflitcn<H?».     Ileiice,  the  strati- 

~~*  iiwWn  ultdMarteiat,  cbc,  IL,  p.  M. 
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fication  of  the  windward  slope  is  gomewhat  ooofoced,  v 
8And  on  the  \ee  Bide  ie  found  to  be  disposed  in  more  rtgthr 
beds,  inclining  landwards,  and  ^th  the  Ur»e»  particles  lowest, 
where  their  greater  weight  would  natnrallr  cutt  them.  IRm 
lee  side  of  the  dunes,  l)eiug  thus  formed  of  sand  depanaed 
acwjrJing  to  the  laws  of  jfHivitTj  is  van-  nniform  in  its  dope, 
which,  according  to  Forehhaiamcr,  varies  little  frotn  an  angle 
of  30°  witli  tiic  horizon,  while  tlie  more  exposed  and  irr^iiUr 
weather  si<lo  lie*  at  an  inclination  of  from  5"  to  10*.  Whea, 
however,  the  outer  tier  of  dmics  is  formed  so  near  the  watep- 
line  as  to  be  exposed  to  the  immediate  action  of  the  wavw,  it 
is  undoniiined,  and  the  face  of  the  hill  is  ver^  steep  and 
times  nearly  perpendicular. 


Oeotofftcal  Tmp&rt<ince  of  Dunet. 


Tliese  observations,  and  other  facts  which  a  more  attentiTt 
study  on  the  s^iot  \ronld  detect,  might  furnish  the  niestu  of 
determining  interesting  and  ini|ifirtant  qnestions  ooiictrmitig 
geological  formations  in  localities  very  unlike  those  where 
dunes  arc  now  thrown  up.  For  example,  Stndcr  supposes  that 
the  drifting  eaiid-liilU  of  the  African  desert  were  uri^naUr 
coast  dunes,  and  that  they  liave  been  transported  (o  their  prepent 
position  far  in  tlio  interior,  by  the  rolling  and  ahiftitiji;  locn-ard 
movement  to  which  all  dunes  not  covered  with  vegetAttoo  ai« 
subject.  The  present  general  drift  of  the  saads  of  that  detert 
appears  to  be  to  the  south-west  and  west,  the  prevailing  winds 
blowing  f  n>m  tlio  north-east  and  cast ;  bnt  it  has  been  duubted 
whether  the  shoals  of  ttie  western  coast  of  Northern  A£ic% 
and  the  sands  npon  that  shore,  are  derived  from  the  bottom  of 
the  Atlantic,  in  the  usual  manner,  or,  by  an  inverse  process, 
fi-om  those  of  the  Sahara.  The  latter,  ati  has  boeu  before  re* 
marked,  is  probably  tlio  tnith,  though  observations  arc  wanting 
to  decide  tli&  (|iic8tioti.*     There  would  he  notliing  violently  im- 

'  "  The  Xorbh  AfricAii  dcwrt  falla  into  two  dtTudona :  tbe  ftabcl,  or  wertaru. 
utd  tbtt  SuUnr,  or  eMtem.    Tbe  Muid*  of  the  Sabar  were,  »(  «  maoto  pesfad, 
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pmbahlc  in  theaj»riort  snppoeition  that  they  may  have  been  in 
part  first  thrown  np  by  the  Mcditerrauoau  on  ite  Libyan  coast, 
and  thence  blown  south  and  weat  over  the  vast  epw»  they  now 
cover.  But  inasmuch  as  it  is  now  gooUigically  certain  tliat  the 
Sahara  is  im  uplifted  \>ei\  of  an  ancient  m»,  we  inay  Biippc«e 
that,  wliile  ftubinerged,  it  was,  like  other  flea-bottoing^strcwii  with 
eaud,  and  tliat  its  present  supply  of  that  material  was,  in  great 
proportion,  broxight  np  with  it.  Laurent  observed,  eorae  years 
ago,  that  marine  sliells  of  still  extant  epecics  were  found  in  the 
Sahni-ft,  far  from  the  BCa,  and  even  at  uuusidorable  dcptlia  below 
the  siirfaoe.*  Tliese  observations  liave  been  confirmed  paat  all 
question  by  Desor,  Martins,  and  others,  and  the  faeta  and  die 
obvious  conelufiion  they  suggest  are  at  present  not  disputed, 

Rnt  whatever  has  been  llit;  B*.tnrce  and  movement  of  these 
aands,  ihey  can  hardly  fail  to  liave  lofton  their  route  some  sand- 
stone monninentfi  to  mark  tlieir  progre«s,  situh,  for  example,  as 
we  have  seen  are  formed  from  the  dune  sand  at  the  mouth  of 
the  ^'ile;  and  it  is  concci\*Bble  that  the  character  of  ihe  drift- 
ing; snnds  themselves,  and  of  the  conglomerates  and  sandstones 
to  whoso  formutioii  tliey  have  contributed,  might  furnish  satis- 
factory evidem*e  as  to  their  origin,  their  starting-point,  and  the 
coui-se  by  which  thoy  have  wandered  so  far  from  the  so^f 

diifud  to  the  woit.  In  tbe  S&hel,  tho  prer^Iog  enmt  winAii  drire  ibo  «Mtd- 
oc««a  wttb  «  jttognmin  WMtwiud  cooUod.  Tbe  eaat«ra  bait  of  Uw  ileaert  b 
■WBpt  dewj."— Nauhasx,  OfogniMie,  li.,  p.  1173. 

•  Mffiwirft  titr  U  Sishara  OrmttU  p.  03. 

j  Fanhluunmer,  nftor  painting  out  the  oomoidence  tietireaa  the  husUned 
stifttificatioa  of  dmiea  and  the  Btmcture  of  ancient  tUted  nxk*,  utyt :  "  But 
1  an  Dol  able  lo  point  oat  m  aandstoie  fonnstlon  onrraapandiiv  to  Iha  duaiift. 
Probably  moM  aaiAwt  donea  have  b«ea  dettToyed  by  nboienlQa  twfon  tbe 
looM  Band  bniaiBB  omnentcd  to  anlid  Btooe,  bat  wa  maf  aappoM  that  droDin- 
■Uaeei  bare  oxMad  BomowhcK  wliiob  ban  pnaerred  th«  obanctadrtica  nf 
tUfl  formation."— Leosiiard  okJ  Brusx,  1841,  p.  S,  0. 

Bndi  fonuationa.  however,  oertahil^  exist.  Launnt  (itimoirt  tttr  le  SaJiara, 
tte.,  p.  IS)  lulla  as  that  in  the  Algemo  dcMirt  thorv  an  "  aaadatona  fimnatian" 
not  onlv  " corraipoading  to  the  dniua,"  bataotuaUjooitw>Uditteil  witliiit  th«na. 
"  A  |>lac«  coUod  El-Uonia-Tadjer  pnaeota  a  rapotitiiin  of  what  we  eav  at  Kl 
Baya ;  one  of  tb«  fooacU  fonoad  bi  tba  niddl*  of  tb«  danm  oonUUna  w«]lr 
from  two  m<l-tnB  to  two  and  a  half  in  dopCh,  dog  bi  a  iand  whbdi  ptomMoa^ 
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If  tlie  saiKl  of  coast  tluiies  is,  as  Staring  describes  it,  com- 
posed chiefly  of  well-rotindwl  qiiartzu&e  grainSj  fragments  of 
shelK  niid  other  oniifitant  ingrediente.  it  would  ofton  l»e  rec<ig- 
uizalitt)  Bb  coast  sand,  in  its  ag&;!utinatc  stat«  of  sandetone.  The 
texture  of  this  r«x;k  varies  from  nil  almost  impert-eptihlo  fine- 
new  of  ^rain  to  fjieat  coarseness,  and  affords  gmxl  facilities  for 
mii;rc*wn»ic  ul>servaliori  af  its  Ftriirtiire.  There  are  aand&totwis^ 
BTieh,  for  example,  as  are  used  for  griiidstoiiee,  where  tho  )?rity 
aa  it  ifi  palled,  is  of  exceeding  ftliarpueea;  otbere  where  the 
angles  of  tho  grains  are  n>  obtuse  that  t]icy  scarcely  3U:t  at  all 
on  hard  metab.  The  former  may  be  composted  of  ^^raitis  of 
rrtcli,  dteinte^rateti  indei:'fl,aiid  rc-cemeiited  together,  but  i»ot,i]i 
the  meanwhilo,  mnch  rcilled  ;  the  latter,  nf  fianda  Inn^  wiubed 
by  the  sea^  and  drifted  by  laiid-windp.  There  is,  indeed,  so 
much  resemblamre  between  the  effects  of  driving  winds  and  of 
rolling  water  n]H)n  ligfit  bodies,  that  there  might  be  difiiL-nlty 
in  distinguishing  them  ;  but  after  all.  it  is  not  j>pr»baltlc  tlial 
sandstone,  composed  of  grains  thrown  up  from  the  ealt  eca.and 
lung  tiissed  by  the  winds,  would  be  id(*nti*MiI  in  its  atrtictm^ 
with  that  formed  fmni  fragments  of  nick  cru*ihed  V>y  inechani- 
Cftl  forw,  or  disintegrated  by  hea-l-,  aJid  again  agghiriniited  witlh 
out  much  exposure  to  tho  action  of  moving  water. 
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and  piobfthljr  Uio  proaoacA  of  certain  esiiu,  have  c«in«at«d  ao  u  to  form 
aondiftofie.  soft  indoer],  btit  whiuh  does  not  jricld  exoepb  to  lbs  piokaxe.  Tbta* 
a8ndfftoo«8  exliibit  ui  inclinalioa  which  wcuu  lo  be  Um  effMit  of  wbad ;  tmr 
tho;  confurm  to  tho  dircctinu  uf  iho  sands  which  roU  down  a  soaip  oeoMtonMl 
by  the  t>riimtiT«  obetocJe. " 

**  AtNewQna;  LhudtiTiennnilB  itni  oonrarted  tOHtrnioli^uioxidcaf  inm  held 
btadnUDC  bj*  tho  wiit«r  which  pcrrodee  them.  This  Atone,  which  is  fonned,  m 
to  vpmlc,  imdcr  onr  tyo,  him  bren  foiuHlaoUd  anuiiffh  to  he  «mployMl  fee  b«ttd- 
in([."— Ke<triitos,  VAngUurre,  tie.,  jji  lUwu  df  D^itx  M'tulet,  1M4«  ff^ 
4-[.  l/i. 

ThA  diinos  s«ar  Uie  month  of  tfa«  Nile,  th«  low«r  iMida  of  which  hsva  kaia 
cc-mcnlrd  togathar  hjr  th«  hifiltntitni  of  Nilo  water,  would  probably  alMW  a 
aiiuilur  Ntratification  in  th«  mxiA$itea»  which  now  form*  thob  baae. 

Unnu  di^mcribuKa  Uiniiiint«d  ruck  often  formed  hj  th»  iiiflltraCion  of 
Into  tha  Buid  (lutuMon  Om  Ilawaum  i«l:uid». —  Coraiartiut  Coral  Ttiamdi, 
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Dune*  of  Anwrioan  Coagtt. 

tTpon  Uie  Atlantic  ooMt  of  the  United  States,  the  prevalence 
of  western  or  off-shore  winds  is  unfavorable  to  the  fonnatton  of 
dimes,  and,  thongh  marine  ciinenKi  lodge  vast  qnanlities  of 
Bniiil,  in  the  fonn  of  hank^,  on  that  c<'>a9tf  its  ehoreti  are  propor< 
tionally  niore  free  from  Band-hills  than  some  others  of  leeser 
extent.  There  are,  however.  \cry  iui[v.»rtant  exceptione.  The  ao- 
tioiiof  the  tide  thrijwt»  ninch  eand  n|»<>ii  gome  points  of  the  Xew 
England  coast,  as  well  a>^  npon  the  befu:1icfl  of  Long  Island  and 
other  more  eonthem  f^liore^,  and  here  dunes  resembling  thixicof 
£nrD|>e  are  formed.  Tliere  are  also  extensive  ranges  of  dnnes 
on  tlic  Pauific  ooftst  of  the  United  States,  and  at  San  FranciHeo 
tliev  Uirtler  ei>tuo  of  tlie  streets  of  the  »^it}'. 

The  dune^  of  America  are  far  older  tlian  her  civilisation,  and 
the  ftjil  their  threaten  or  protect  poasesMe,  in  general,  too  little 
thIuc  to  justify  any  great  expenditure  in  measures  for  arresting 
their  progr««  or  preventing  their  destraotion.  Hence,  great  aB 
is  their  extent  and  their  geographical  importanoo,  they  have,  at 
preHcnl,  no  Bueh  intimate  ndalions  to  hinnan  life  as  to  render 
thcin  ohjects  of  upceiiil  interest  in  the  point  of  view  I  nm 
taking,  and  I  do  not  know  that  the  laws  of  their  formation  and 
motion  have  l)een  made  a  subject  of  original  iuveetigution  by 
any  American  observer. 


DujicJi  of  Wsstem  .SWvpw. 

Upon  the  western  coast  of  Enrojw,  on  the  contrary,  the 
ravages  occasioned  by  the  movement  of  eaud  dunes,  and  the 
serious  conse4|iiuiirc«  often  reRiilting  from  the  destruction  of 
them,  have  long  engA<reil  tbe  caniL<«'t  ntteiition  of  f^oremmcnta 
and  of  8cionti6c  men,  and  for  nearly  a  century  pereevoring  and 
eynlematic  effort  has  been  made  to  bring  dieni  under  human 
coutrrjh  The  8ubjc<>t  has  been  carcriilly  studied  in  Duimiark 
and  the  adjacent  duchie^  in  Western  Pnissia,  in  the  Netber- 
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lands,  and  irt  T* ranee ;  and  the  cxpcritnents  in  the  waj  of 
arresting  the  driftiDg  of  the  dunee,  and  of  secnnng  them,  and 
the  lands  they  shelter,  from  the  encroachments  of  the  &e&,  hato 
resulted  iu  the  tuluptioii  of  a  system  of  cou^t  improvement  eolv 
Btantially  tlie  same  In  all  these  conutriee.  The  sands,  like  the 
forests,  have  now  tlicir  special  literature,  and  the  volamcs  and 
raemoire,  which  describe  tliera  and  the  processes  eraploj'ed  ti> 
Bubdae  them,  arc  full  of  acicntilic  interest  and  of  practical 
instruction. 

Ihtnea  of  Gatoony. 

In  the  small  kingdom  of  Denmark,  inclusire  of  the  dti 
of  Schlcswig  and  IluUtein,  the  dunes  cover  an  area  of  vaan 
than  two  hundred  and  sixty  sqnare  miles.  Tlie  breadth  of  the 
chain  is  very  varions,  and  in  some  placefi  it  consii»t£  onlv  of  a 
single  row  of  sand-liilU,  while  in  others,  it  is  more  than  ux 
miles  wide.*  Tlie  dunes  of  tlie  Prussian  coast  are  vagnoly  esti- 
mated to  cover  from  eighty-five  to  one  hondrcd  and  ten  thoo- 
fiand  acres;  those  of  Ilolland  one  hnndrcU  and  forty  tlionauid 
acres  ;  ard  those  of  Gasc^my  more  than  two  hnndred  tlionsiuid 
a^'ree.  I  do  not  find  any  o&timato  of  their  extent  in  other  pn>- 
vinoes  of  France,  or  in  the  Baltic  provinces  of  Russia,  hnt  it » 
pi-ohaIi]c  that  the  entire  qnantity  of  dniie  land  upon  the  AtlantJe 
and  Bailie  shores  of  Europe  does  not  fall  much  short  of  a 
million  of  acres-f    This  vast  deposit  of  sea-sand  extends  along 

'AXDBiiSEN,  Om  KU^mviOtiemfn,  pp.  78.  21X2,  275. 

f  In  an  utiole  on  th«  Annt»  of  Earope.  in  vol.  SO  (1864)  of  Am  drr  Katur, 
p.  5D0,  the  tinnee  nro  vHtimnted  to  oovor,  on  the  islanda  and  ooMito  of  Scskk» 
wig  Ilol«bein.  in  Korth-w^gt  Gemtuiy,  Dennuirk,  HoUnnd,  koA  Prftne*,  <ni 
fanndrud  snd  t-ightjr-ouo  Q«nnAn,  or  nearl;  foux  tbouMad  Enylish  mfpMM 
mQc8 ;  in  Rootland,  aboat  ton  Gernum,  or  two  bii)idr«d  and  ten  Sngliih  nilM ; 
In  Ireland,  twcnijr  G«nniui,  ox  foor  hundred  and  twenty  Bnglinh  mfl— ;  add 
In  England,  on*  hnndred  and  tventgr  German,  or  more  than  iwcsiljjr.fire  htil- 
dzed  KitgUah  mUet.  Ponnewita  {AnieUuag  turn  Anbav  tUr  AM^UdWn),  m 
dbfd  hy  AndniMn  (Om  Klit/trmaUoimi,  p.  45),  Rtotos  that  the  driftl^  Msdi 
of  Europe,  Itioludiug,  of  course,  aond  plaius  aa  well  aa  dnnM.  oorar  ma  ado* 
nf  SI.OOO  Mqnare  mtlca.     This  la,  perbnpa,  an  exsggctnUun,  thongli  ibvn  K 
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tlie  wtasts  for  a  dif^taiK-e  of  soveral  liiindred  milce.and  from  tlio 
tiiiiH  of  tiio  destrnction  of  tlio  f<*reate  which  covered  it,  Ut  tho 
year  1789,  the  whole  liiie  wm  rolling  inwardu  aad  biirj-ing  the 
wil  Iteiicalh  it,  or  rendering  the  fields  unjinniuetivu  by  the  sand 
wliiuh  drifte^I  from  it.  At  tho  saino  tune,  a«  the  iiaiid-hiliri 
moved  landwards,  the  ocean  was  eloaely  following  their  r<!trcat 
and  swallowing  up  the  ground  they  had  eovered,  as  last  aa 
thoir  movcincut  left  it  bare. 


Aff^t  Character^  and  Perm4itt«niJ«  ^  Dunte. 

The  origin  of  most  great  lines  of  dunea  goes  Itack  past  all 
history,  lliore  are  on  many  coasts  several  distinct  rangce  of 
sand-hills  which  eceiu  to  be  of  very  diOeivut  agct«t  and  tu  have 
Iioeji  formed  under  different  relative  eonditinns  of  land  und 
water.*  In  eoino  caACR  there  bait  t>een  an  upltcaval  uf  the  eooat 
line  since  the  formation  of  the  oldest  hiUtxikB,  and  those  have 

nndoulitevllj.  much  inorc  doBertland  of  tliis  dcacriptioa  an  the  Bitropwui  can- 
tinent  than  \am  l>een  irencnlly  mppoMd.  There  u  noqneinioQ  that  moot  of 
tlUs  waottt  U  cm[iable  of  reclamatioo  by  riiii|il0  pJaotiiiK.  and  no  mrajo  of  physi- 
cal improretnciit  ii  bettar  worth  the  attention  of  civiliicJ  OorerDmeDU  than 
tbifl. 

Thf n*  are  oft«n  wrioon  objoctionti  to  oxtoDRlm  fnrext  planting  on  soihi  cniwv- 
ble  of  beiag  oU»rwtM  ouul«  produotivo.  but  th«y  do  not  apply  to  and  wantes, 
which,  until  oorered  by  woods,  are  not  only  •  umIom  Inonmbnaoe,  bat  % 
KRitvo  of  Acrioiu  danger  to  all  human  iiapn>T«meiits  tn  th«  Dsighbcwhood  ii£ 
tbern. 

'KraiiHc.  flpcaking  of  th«  doaea  on  tba  oout  of  Pruda,  aayv:  "Thiot 
€>npa  belong*  to  threo  diffotBnt  jMrfoda,  tn  whleh  Important  ckangM  m  the 
rdatiTe  leral  of  Ma  a&d  tu>d  have  naqiHMioiubly  tnlttn  place.  .  .  .  Except 
in  the  deep  depreaaions  bvtwccn  them,  the  dnno)  arc  evorywbore  vprinklod,  la 
a  oonuderable  height,  with  brown  oiydulatcd  iron,  whicti  haa  pecetxated  iulo 
the  aand  to  the  rlopth  of  from  three  to  eighteen  inchea,  and  colored  ft  md. 
.  .  .  Aboro  th«  (roD  la  a  itraiinn  of  aand  differii^  in  compoaiiJoa  tma 
oidinaiy  sea-nuid,  and  on  thla,  prawlnfT  vroods  are  alwajH  foond.  ,  ,  ,  The 
gradnally  aoeomalated  forest  uil  oecun  in  bedii  of  from  one  to  litree  feet 
thick,  and  ofaangaa,  prooaedioK  upward,  from  giay  aand  to  lilaok  humiiH." 
B«ea  oo  the  third  or  aeaward  natfgt^  the  aoDd  gnwaa  appeal  and  Uirlva 
taxtmanily,  at  leaat  on  the  wesl  ooMt,  thoofh  Krauae  duulrta  whftLb«r  tba 
duneaof  the  aaat  ooaai  were  ovwr  thai  prot*otcd.^ZWi)iiACT.fr<ii/,  pp.  til,  U. 
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beoomo  inland  dimee,  while  youiiger  ro^re  have  boon  throim 
up  on  Uie  new  bwtuU  laid  bare  by  eluvadon  of  the  sea-bed. 
Our  kiiowledire  of  the  mode  of  their  firet  acouiniilutiun  u  de- 
rived from  observation  of  the  action  of  wind  and  water  in  tbe 
few  iri8taneo8  wliere,  with  or  withont  the  aid  of  iiian,  new 
coaet  danes  have  I>een  accmmdntud,  and  of  tlio  indiienco  of 
wind  alotio  in  derating  now  sand-hcaiw  iulaud  of  the  co«st 
tier,  wht-n  tht-  oiiIlt  niwn  are  deslpoyed  by  the  sea,  bs  kl») 
when  thn  ii<iddo<!  gnrfaoo  of  ancient  sand.'^  has  been  broken, ud 
the  subjacent  strata  laid  open  to  the  air. 

It  is  a  question  uf  nniuh  intercal,  in  what  decree  the  n 
ouiidltion  of  iiKHt  ibineH  la  to  be  aseribed  to  the  improvid 
and  indiscretion  of  man.  There  are,  in  WcBtern  France,  ej- 
tenaive  ranjijes  of  dniics  eoverod  with  aiiuiont  and  denso  fororti, 
iirhilo  tl)e  rm'-ftiitly  foniietl  ftniid-hilU  between  tlieui  and  Uic* 
UFO  bare  of  vegetation,  and  in  some  ciuics  are  rapidly  ad\aticr 
.upon  the  wooded  dunes,  whieh  they  threaten  to  hnry  l)eDeftlli 
their  drifu.  Between  the  old  dunes  and  tlic  new  there  'a  ua 
■diaetiverable  difference  in  material  or  in  dtnicturo ;  bat  tb» 
modem  sand-hillfl  am  naked  and  shifting,  the  aneient,  chjthcd 
wifh  vegetation  and  fixed.  It  ha?  been  eonjeictiired  that  art!* 
Bcial  methoda  of  confinement  and  plantation  were  outploycJ  by 
the  primitive  inlmbitaiitM  of  Guul;  and  Laval,  bjvsini;  his  i-alcfr- 
lations  on  the  rate  of  ainiiml  movenient  uf  the  shiftiui^  dunc*, 
aflsigna  the  fifth  century  of  tlie  Christian  era  as  the  jieriod  when 
the^e  processes  were  abandoned.* 

Tliere  is  no  hiistoriea)  e\idcnce  that  tbe  Oaula  wore  ae- 
qnaintcd  with  artifieial  methtxls  of  fixing  the  eanda  of  the 
•coftat,  and  wo  Iiave  litlie  rea>u)Ti  to  aupjtoee  tlrnt  they  were  ad- 
Tft&oed  enoRgh  in  civilirjitiun  to  be  likely  to  resort  to  mc^ 
proceeses,  especially  at  a  period  when  land  could  hava  had  hot 
a  moderate  vahie. 

In  other  countries,  dunes  have  sjiontaneoasly  clothed  thun- 

*  Laval,  MemomnrUa  iJnnMdt  OnMoffne,  AiwalmdM  /Vftfii«<  Cha^Jm, 
iat7,  Sme  sliinftHtre,  p.  2AI.  Th«  Hsmc  opinioa  had  he«ii  «xpc«BHtf  If 
BafuoNTlKR,  AannUt  da  Pont*  et  ChauMita,  1833,  l*c  adiB<wtac,  p.  \jSfi. 
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selves  with  foi-ests,  und  tlio  rapidity  witli  wliiuh  tJieir  enrface  is 
covered  by  variuufi  specie*  of  Baiid-plantB,  and  fiiiallv  hy  tron, 
where  man  and  cattle  and  !iurrowin|;  animaU  are  exchided 
fnun  them,  renders  it  lii/flily  probablu  that  thuy  would,  aa  u 
general  nilo,  pmtect  thoiasolvee,  if  loft  to  the  nndisturbe*!  ac- 
tion of  natural  I'AnseK.  The  Eand-hilU  of  tJm  rHscho  Xehruiig, 
on  tlie  wwfit  of  Pnisflia,  were  formerly  woo<l<Ni  down  to  tho 
water's  edge,  and  it  was  only  in  the  last  ceut\iry  tJiat,  in  (Xfnse- 
(jncnce  of  the  dcstnictiou  of  their  forwts,  they  became  moving 
Winds.*  There  ie  every  ruastiu  to  believe  that  the  duncK  of  the 
Nether rtamlti  went  elutbed  witli  tree$  until  uftAtr  the  Roman  in- 
vasion. The  old  geographere,  in  describing  these  eomitriee, 
speak  of  vast  foroeta  cxti-ndJng  to  the  very  brink  of  the  iica ;  bat 
drifting  coast  dimea  are  6rst  mcuttoiied  by  tiic  uhraniclers  of 
the  Middle  Agca,  and  so  far  as  we  know  they  have  a^umcd  a 
destruotive  charactor  in  ooitseqnenco  of  tlte  improvidunee  of 
man.  f    The  history  of  the  diineB  of  Michij^an,  so  far  as  I  have 


•  "  In  tfas  M)ddl«  Agm,"  mt»  Wtitihald  MerU,  m  qaaU^l  by  UOIIer,  Dot 
^ifA  <lcr  Pjlani<ntettt^  L,  p.  ]6,  "  the  Ndtmnff  wm  extewhag  Itaolf  tarthnr, 
and  Iho  OKTrow  opening  nfior  Lnclutsdt  lud  fllUul  ItwJf  op  with  kvid.  A 
gTtnt  pin«  forMt  iKKinO  with  iU  root*  lb*  dtUM  und  vid  Ibe  liCKth  onioter- 
ru|>UxUr  trota  O&ndg  to  FUlan.  Klug  FrMlRriok  William  L  waa  nuoe  in  n-wit 
ot  noaej.  A  ootoln  n>}Tr  von  Korff  proroiood  to  proean  it  for  bim.  wftluwl 
latin  or  taxea,  If  ha  cnulJ  he  allowed  to  remove  Boiuetliing  iinito  oauIcMk  Ho 
tjbinnad  out  th«  foroita  of  Pnwwia,  whirh  then.  iad*ed,  poaMaMd  little  p»cti> 
niaiT  ralae;  Imt  lie  felloil  the  eutire  wnoda  of  tbe  FriaGhe  Nafaruiif,  «o  far 
OJt  tlinj  lay  within  tb«  rruaslnn  tcniuir;.  The  dnatioEal  oporatloD  wa«  a  nio- 
cnm.  Tha  Idag  bad  aioDc;,  but  in  tlio  atatarlal  effocta  which  iMiill«td  tnm 
Its  tbe  «tat«  rttoelred  iiT«p«raI>le  injury.  Hi*  tea-wirvla  ra«h  av<-r  tlii;  harad 
Ulla ;  the  Prlwdia  Rail  U  half-ohoked  wjtii  tand ;  tbe  efaannel  bctn-tvo  l!!- 
Uny,  the  Ma,  aad  K>"nij[flberff  la  endanswd,  and  the  fiahcriei  in  the  llAff  in- 
jared.  The  operation  of  Ilarr  Ttui  Karil  braagbt  the  kiDf[  S'tO.DOO  Uialun. 
Th«  Btttba  woold  now  wiUinsly  fxpnnd  mFIUoiu  to  mnnrv  tbe  foraM*  Mir^ln." 

f  STAana,  VoifrmaaU  en  T%*aM.  p.  Sll.  Had  Uw  duiiM  of  th«-  Nntber- 
landltlt  and  Pxench  eoaata,  at  tlw  period  of  the  Doman  invaKion.  naeniMed 
tbe  nimbiK  Raod-hnb  of  tha  pri— iit  day,  U  la  ioooocnivable  that  thry  doold 
lUTe  Moaped  tbe  noCloe  of  to  aosta  a  plijsieal  saatrmpbar  aa  fttrabo  ;  and  Um 
■bwdala  aOenoa  of  f^air.  Vtoitmy,  aod  tha  •aofdopaidio  Pllay,  mpeetiiif 
them,  woold  be  not  Icat  iaexpliooUts. 
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been  able  to  leam  from  raj  own  ol«crvation,  or  that  of  otLere. 
is  the  same.  Thirty  yeara  ago,  when  that  region  was  scaroelr 
inhabited,  they  were  generally  eovercd  witli  a  thi<^k  ^niiwth  of 
trees,  cihieHy  pinej*.  and  iniderwnod,  and  (here  was  little  ap- 
pearance of  undermining  and  wash  on  the  lake  side,  or  of  shift- 
ing of  tlic  sands,  except  where  the  trees  had  been  cut  or  turned 
np  by  the  nwta,* 

Nature,  aa  she  bnilds  np  dnnes  for  the  protection  of  the  Bea- 
ehore,  provider,  with  eitnilar  conservatism,  for  llie  prcscrvalioii 
of  the  dunes  theniselven ;  8o  that,  without  the  interference  of 
man,  thtwo  hillotika  would  he,  not  perhaps  ahsohitoly  perpetual, 
but  very  lai!ting  En  dnmTinn,  and  veryplowly  altercfl  in  form  or 
position.  AVlien  once  covered  with  tlic  trees,  Bhruba,  and  her- 
baceous growths  adapted  to  such  loealitics,  dunos  undergo  no 
apparent  change,  except  the  slow  oceasi»iiinl  undermining  of 
the  outer  tier,  and  aucidoiital  destruction  by  the  exposure  of  the 
interior,  from  the  burrowing  of  auimaU,  or  the  npturntng  of 
trees  willi  tlieir  roots,  and  all  theae  canoes  of  diflplaceuient  are 
very  much  less  destructive  when  a  vegetable  covering  oxists  in 
the  Immediate  neighborhood  of  the  broach. 


Protection  of  Dunes, 


Before  the  occupation  of  the  aiaats  liy  man,  dunes,  at  all 
points  where  they  have  been  observed,  seem  to  have  been  pro- 
tected in  their  rear  bv  forests,  which  served  to  break  the  foroe 
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*  TtiA  nuicU  of  Capo  Cod  were  partinlly.  If  not  cAinplet«I,T.  (xnerad  whk 
veffettttion  by  nature.  Dr.  I>riirht,  descriljing  the  dunci  >«  U>ej  were  in  1800, 
MtyH :  "  i^dtne  nf  them  are  ooTertKl  with  b«acli  pnm;  nome  friagetl  witk 
Trbnrtlebcrry  buahea ;  nnd  nome  tufted  with  a  Kmiill  and  idofnlar  growtli  of 
oakH.  .  .  .  Ttie  purtii  af  thin  barrier  which  are  onvered  with  wbtirtletictfj 
Inuhea  and  with  calis,  haxe  been  cither  not  at  all  or  Tery  little  blown.  Tbe 
oakft,  [>artJRuliurly,  appear  to  l>e  the  uniitinuati'on  of  the  foTMita  originally 
formed  on  tht*  ■pot^  .  .  ,  They  wnre  all  the  marks  of  extrema  ag«  ;  wde. 
in  Boma  inntonceB,  already  decayed,  and  in  others  decaying  ;  ware  hovry  with 
mom.  and  were  deformed  by  branehea,  broken  and  waited,  not  bj  viotMiM, 
bat  by  Ume.'-— IVnrrij.  iii.,  p.  91. 
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of  the  winds  in  both  directious,*  and  to  bavc  spontaueouely 
clothed  thfuibelveti  wilh  a  dvii»e  gruwUi  uf  Uie  variuud  plaiiUj 
gnuMes,  shrubs,  and  trut«t,  u'hiuli  nature  lias  assigned  to  audi 
fetjila.  It  ia  observed  in  Europe  that  dunes,  tliough  uow  without 
the  shelter  of  a  forest  ctmntry  behind  them,  begin  to  protect 
tlicinaclvcii  ad  aooa  ad  human  tnwpfuiiera  are  cxuliided,  and  gniz- 
ing  auiniaU  deuicd  acuc^s  to  them.  UerbfK'ootis  and  arboreecent 
plants  spring  up  ahnotit  at  once,  fin^t  in  Uic  depitaisiona,  oiiil 
then  upvn  the  surface  of  the  tuind-hillA.  Every  seed  ihtU 
BproutSf  binds  b^tlier  a  certain  amount  of  sand  hj  \tA  roota, 
shades  a  little  grooud  with  its  leaves,  and  fiiruishcfl  food  and 
ebelter  for  t»tiU  younger  or  sniiuiUer  gruwtlis.  A  suecessiuu  uf  u 
very  few  favorable  seasons  sufKceH  to  bind  tlie  whole  aurfaee  to- 
gether with  a  v^etablo  network,  and  the  power  of  resistance 
poaaoBsed  by  the  dunes  themselves,  and  the  protection  they 
afford  to  the  Holds  behind  them,  aro  just  in  pi-oportion  to  tlie 
abundaiieo  and  density  of  the  plants  they  support. 

The  gniwtli  of  tlie  vegetable  covering  can,  of  couree,  be  nmcb 
accelerated  by  judieious  planting  and  watchful  care,  and  this 
Bj^clea  of  impn^veraetit  is  ni>w  carried  on  upon  a  vast  scale  on 
the  feandy  cuosts  of  Western  Euro]>o,  wheraver  the  value  of  laud 
is  considerable  and  the  population  dense. 

Um  of  J)une9  at  a  Barrier  agawgt  tht  Sea. 

Atthough  the  sea  throws  up  largo  quantities  of  sand  on  flat 
IcGshores,  there  are  many  caacs  where  it  continually  encroaches 
on  those  sanie  shores  and  washes  them  away.  At  all  jjoinls  of 
the  shallow  North  Sea  where  the  agitation  of  the  wares  extends 
to  the  bottom,  bauks  are  forming  and  rolling  eastwards.     Ilciice 


*  Beqpoa  liirvmfioM  Virbomfud,  li.,  3)  «tatM  tb&t  th«  dooet  on  tb»  wevt 
ooaat  of  JutUod  were  atatioa&ry  bcfon  the  daatnution  of  tha  tonmtm  to  Uia 
QOat  of  them.  TUa  ft^llmg  of  the  Ull  tttxt  nmoved  the  ncbtanoe  bo  tiw  lower 
oumats  of  tlw  WMtadjr  winds,  and  the  uadfl  have  liiioe  traried  m  gn»i  extent 
of  fertile  toU.     S«e  slso  ■»»  work,  ii,  p.  134. 
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the  Bca-saud  tends  to  accumulats  upon  the  o>a8t  of  S<^ 
Holsteiu  and  Jutland,  and  were  there  iki  couilictiiig  infl 
tlie  eliore  would  mpidlv  extend  itself  wct^twai-ds.  Hut  tbe^J 
BaiUG  wavQg  whii^h  woeli  the  saud  to  the  coast  nndciiniue  tiie^^ 
beauh  they  cuvtjr,  and  still  more  rapidly  doj^iiuJe  tlio  slmre  at 
point*  where  it  is  too  liigli  to  refieivG  pnrtial  pr<>tectiou  hy  [be 
furinatioik  uf  ihines  upon  it.  The  earth  of  the  coast  is  gciwral- 
ly  computed  of  ])articlui3  Huur,  lighter,  and  moro  tratujK.irtable 
by  water  thtm  the  sea-siuul.  While,  therefore,  the  biUows 
raked  hy  a  li<(avy  west  wind  uiay  roll  up  and  deiMK^it  iilun^  the 
bcAeh  thousands  of  tons  of  sand,  the  same  waves  niav  swallow 
np  even  a  larger  quantity  of  fine  ahore-eaith.  Tliis  earth,  wIM 
&  fHjrticn  of  the  saud,  is  swept  off  by  uortliwardly  aiid  stmih-j 
wunlly  eurn>ntB,  and  let  fall  at  other  poiutfi  of  the  ctM^t, 
carried  off,  altogether,  out  of  the  reaeh  of  causes  which  mi^ii 
hi'uig  it  bock  to  its  former  ptisition. 

Ahhough,  tlien,  the  eastern  shore  of  the  German  Ocean  here 
and  there  advances  into  the  sea,  it  in  geuenil  rt-trears  l>efore  it, 
and  but  for  the  protection  afforded  it  by  aatiiral  armitgciueiita 
seconded  by  the  art  aud  industry'  of  man,  whole  pi\>vinoe«{ 
would  soon  he  engulfed  by  the  water*.  This  protectioii  cot*-] 
sists  in  an  ahno^t  unbmken  chain  of  sand  banl.-A  and  dunes,  ex- 
tending from  the  northernmost  point  of  Jutland  to  the  Elbe,B 
distance  of  not  much  less  than  thite  hundred  milos,  aiid  fn»m 
the  Elbe  again,  though  with  more  frequent  and  wider  iiilerrui** 
tious,  to  the  At-Iantie  Ixtnlers  of  France  and  Sjialti.  So  loog 
as  the  duties  are  inaintainod  by  nature  <>r  l>y  human  art.  thej 
nrve,  like  any  other  embankment  or  dike,  as  a  [mrti&l  or  a 
complete  protection  against  the  encroaebraeuts  of  the  ae»;  and 
ou  the  other  hand,  whun  their  drifts  are  not  checked  by  natural 
pivcesses,  or  by  the  industry  of  man,  they  become  a  caivto  of  a* 
certain,  if  not  of  as  sudden,  destruction  as  tho  ocean  iticlf 
whoso  advance  they  retard.  On  the  whole,  the  diinoi  un  the 
coast  of  tlie  Ocrman  Sea,  notwithstanding  the  great  (jmuaity  »if 
often  fertile  lard  they  cover,  and  the  evils  which  result  from 
their  movement,  are  a  proleclivo  and  beneticial    agent,  and 
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tLcir  main  ton  anco  is  ah  object  of  solicitude  with  tho  Guvoni* 
itienta  and  p4!nplc  of  the  ahnren  they  defend.* 

Tlip  ciutward  progress  of  the  eea  on  ())<■  Danitth.  KcthcHatidieh, 
and  French  consU)  depends  so  innch  on  li>uil  ^-^tliigit-al  Airnrtitrc, 
on  tlio  fni-co  and  dtroc-tiun  of  tidal  and  other  niaritie  cnireiilK, 
on  tlic  \'uluino  nnd  mpidity  of  civisl  riveivt,  on  the  cuittiui^ndM 
of  tlie  witathor  and  on  other  varying  ciruiuuBtaiu^ee,  that  iio 
general  rate  can  be  assigned  to  iL 

At  Agger,  near  the  wcittcni  end  of  tho  Luni{]ord,  in  Jutland, 
the  coast  was  watdied  uway,  between  tho  ycara  1S15  and  1330, 
at  the  i-ato  of  more  llian  eighteen  feet  a  year.  The  advance  nf 
tlie  Rea  a)>)>&ari  to  have  been  something  lew  rapid  fi^  a  century 
before ;  but  from  184">  to  1857,  it  guined  upon  the  land  no  leu 
titan  thirty  feet  u  year.  At  other  points  of  the  shore  of 
Jutland  the  lut^  is  siiiHlIt-r,  but  tho  sea  ia  encroachuig  genemlly 
Q]H)n  the  whulo  line  uf  the  coasLf 

7%(J  lAimfjord, 

Tliti  uTiiptioa  of  tho  &ca  into  the  fresh-water  lagoon  of 
Liimfjord  in  Jutland,  in  18i'» — one  uf  the  mo6t  remaHcable 
enentatOunontA  of  tho  nfi^au  in  minlcni  times — is  ex^ireuly  ao- 
cril>ed  to  "mismanagement  of  tlie  dunofi"  on  the  narrow  nock 
of  land  which  separated  the  fjord  frt>nj  the  North  Sea.  At 
earlier  periods  tho  sea  hud  ^iwept  acro»i*>  tlic  isthmiu,  and  even 
burst  through   it,  but  the  tihaimel  had  l>e(^ii  tilled   up  again, 


*  "  Wa  nnifft,  tborefbre.  not  b*  mtpriMil  to  Me  the  paflple  here  4n]  h 
g4n}l«rijr  witli  Ibeir  duooe  M  \i  treiului);  unoog  r^^  II«  whn  ia  lucky  eneofi^i 
to  cnmi  •  tnol#>liUl  at  ilune  pcu  it  aftectJoimtoly,  and  xpeiKb  tils  •ubttnaoa  ta 
clieriabing  uid  tatt«-uia(;  it.  That  fair,  fertUe.  rich  prvriscp.  tlm  puuininiU  at 
EUervtJt'lt  lit  the  aoatb  of  Frlekland,  lias,  on  the  pidnt  towanlft  \\tf:  oa,  aiily  a 
UDjTowof  Otuiei>.  ROai*cUmUMlDn;orM;  but  tlMi|iKn)iielalkor  ^cirfrin)^ 
of  mnil  hilli,  aa  If  te  wem  a  bonier  aet  with  pearta,  Tfa<^7  look  npoa  It  a«  their 
beak  defeno*  acaliirt  Ncptww.  Tbaf  lun«  ooaitaelad  H  with  their  ajmtom  of 
tlikR>.  and  for  ytmat  have  kopt  sentriea  potted  ta  ptoteol  It  ag^inrt  vraiiton  ia- 
Jnrr."— J.  0.  KOHI..  I>u  /ntttn  n.  JAwmAmi  8M$mtf  SatlttiM,  fi.,  p.  IIS. 

f  ANDUKBKn,  Cm  KlU/urmnibm«tt^  pp.  SH-T3, 
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Coasts  of  Scfde*v}iglIolstelnj  JToilandf  and  France. 

Oa  the  islands  on  the  coast  of  SuIileBvig-IIolstein,  the  ■*}- 
vanuc  of  the  sea  has  been  more  iiucqtiivocal  and  more  rapid. 
Near  the  hegiimiiijf  of  tlie  last  ceiitiirv,  the  dunes  which  \m\ 
jirotccted  the  wosteni  cuast  of  the  lelnnd  of  Sylt  began  to  roll 
to  the  east,  mid  the  eea  fullowed  clusuly  as  they  n>tirod.  In 
1757,  the  clim-ch  of  Rantuin,  a  Wilage  upon  that  island,  wu 
ohligct]  tti  be  taken  down  in  mMmeqiience  of  tl»e  advance  of  ihe 
fiand-hills;  in  ]7<'I,  these  hilU  had  pat>9cd  beyond  itd  site,  the 
wavoB  Imd  Rwullowcd  up  its  fotnidnlioiie,  and  the  sea  ^ined  «o 
rapidly,  tlmt,  Jiftj  yenm  lati^r,  the  spot  where  thev  lay  wa* 
seven  Imudred  feet  from  t]ie  s.hore.*  ^ 

The  mtirit  prDiiiiiieut  geolo^ieal  landmark  on  the  coast  of  H 
Holland  is  the  Iluia  te  Di-ittcu,  Arx  BntannicUf  a  fortiOM 
built  by  the  Uoniam,  in  the  time  of  Caligula,  on  the  main 
land  near  the  iiiDUth  of  the  Rhine.  At  the  chiso  of  the  seven- 
teenth contnry,  tho  sea  had  advanced  eixtocn  hundred  |>aoefi 
heyond  it.  The  older  Dutuli  a»naliat.-i  record,  with  uineh  pa- 
rndc  of  numerical  aeciinuiy,  fri}quunt  encroach  men  td  of  the  soft 
U|K>ii  many  jMirta  of  the  Kcthcrlandish  coast.  But  thungh  tiw 
peiieiTil  fart  of  an  arlvanco  of  the  iH^can  upon  the  Und  Ea  «- 
tahlirthed  hovijiid  dii^piito,  the  pg-ecif^iun  of  the  tiK^agui-cmcntt 
which  have  been  given  in  open  to  question.  Staring,  however, 
wlio  tlilnkft  the  erosion  of  tlie  coant  much  exaggerated  by  p«»pa- 
lar  gcographei-s,  admits  a  liKis  of  more  than  a  millinn  and  a 
half  acrc«,  chiefly  wcirthless  monwa;t  and  it  is  certain  that 
but  fi>r  Uic  n'-sistiin<»;  uf  man,  hut  for  hid  erevtion  of  dike:^  and 
jDXiteetion  of  dunes,  there  would  nmv  he  loft  of  lloUund  littl* 
but  the  name.  It  is,  as  Uha  been  already  seen,  still  a  debated 
qursFion  among  geolo;jiata  whether  tlie  coast  of  Holland  now 
ie,  and  for  centuries  has  been,  subsiding.     I  believe  intiet  iu- 


vcatigators  maintain  tho  atUi-mativc ;  and  if  Uio  fact  ia  bo,  the 
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"  AinutKllcn,  On  JCIitfonaaiitMSii,  ppt  08,  7S. 
I  Vaarmaf^m  TAans,  pji.  190,  170. 
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advance  of  tlio  sea  n]KJii  the  land  ia,  iu  jmi-t,  Juo  to  fiik  c-aii£0. 
Hut  the  rate  of  subsideuco  is  at  all  cveiita  rogr  siuall,  and 
iLerefore  tlie  wicpoacIiiueutB  of  tlio  ocean  mvm  tlic  cnitft  aro 
mainly  to  be  aficribod  tu  the  crtt&ion  aud  ti-uiiti[K*riutioii  uf  tlie 
Bull  hy  marine  wavoa  and  eiirreiite. 

The  6ca  is  fast  advaneiiig  at  fioveral  p(>ints  of  tlie  western 
coast  uf  France,  and  luiktiowii  caiue«  have  given  a  now  intjtuUe 
ti)  its  ravages  aince  the  cummeuconicnt  ctf  tlni  pro«eut  eeritur)'. 
Between  1830  and  1342,  the  Point  de  Grave,  on  the  n<'ith  side 
of  the  Girondo,  retreated  one  hniidred  and  cij^htj  tuetix>8,  t>r 
fifty  feet  jier  year;  frtiin  (he  latter  year  to  IS-Wl,  tlio  rale  was 
increased  to  more  than  three  thnes  that  qtiuntily.  and  the  Iix« 
hi  tho«e  four  years  was  about  f>ix  hundi-ed  foet.  AD  the 
buildings  at  the  extremity  of  the  peninsala  have  been  tnkuu 
dovni  and  rebuilt  farther  landwar-di»,  and  the  lighthouse  of  tlio 
Grave  now  occupies  its  tliird  ixwition.  The  sea  attacked  tJie 
base  of  tiie  peninsula  als4i,  and  the  Point  de  Grave  and  tlie  ad- 
jftoent  cottttis  have  been  for  tliii'ty  years  the  scene  {>f  one  uf  tlie 
tDoet  ulMtinately  contested  Btnig^le«  between  man  and  the  oi^cou 
recorded  in  the  aimals  of  modern  engineering. 

Movenunt  of  Dunts. 

Besides  their  importance  as  a  bamer  a^inst  the  inroads  of 
the  oruan,  dunc«  arc  ii^ofnl  by  sheltering  the  eultivatetl  ji^round 
behind  tliem  from  tiio  violence  of  tlie  sea-wind,  fixrm  tialt  ^pray, 
and  from  the  drlfta  of  beach  sand  which  wonld  otlierwlse  over- 
whelm tliem.  But  the  dnues  tliemseWts,  tinloB6  their  surface 
eiuidti  are  kept  tiiuit^t,  aud  i^mfincd  by  the  |rn)wlh  of  plants,  or 
at  least  by  a  crust  of  ve^tahle  earth,  arc  constanlly  rolling 
inwaiT^and  thus,  while,  on  one  side,  they  lay  bai-e  the  trures 
of  ancient  human  habitations  or  otticr  cviduiu'cs  uf  the  S4M:(al 
life  of  primitive  man,  they  are,  on  the  other,  bnrjinf;  fields, 
bouses,  chmrchcB,  and  converting  popnlona  districts  into  barren 
and  deserted  wastes. 

Especially  destructive  are  they  when,  by  any  accident,  a 
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cavity  ifl  opened  into  tliom  t<j  a  cousiderahle  depth,  thereltv 
giviiig  tho  wind  access  to  the  interior,  where  the  sand  U  thns 
first  dried,  and  tlien  scooped  out  and  BL-uttertd  far  over  the 
neighboring  si>il  The  duno  i&  now  s.  nia^:u:iiie  of  saiid,  no 
longer  a  ramjmrt  against  it,  a.nd  inuwjhiof  from  this  aoiirce  aeeins 
more  difticult  to  resist  tlian  from  ulmost  any  otlior  drift,  b&- 
caiiao  the  supjdy  of  matejial  at  tiie  coinniaiid  of  tho  wind  is 
more  at>tuidant  and  niui-e  cx>ucentrated  tliau  in  its  ori^ual  thin 
and  widespread  dqxisits  on  the  Leat:U.  The  bitrruwiug  <)f 
eoiiios  ill  the  dmiys  is,  in  this  way,  not  unfrc(|uently  a  caiua  of 
their  detitnictioii  and  of  gi^eat  injury  to  tho  fields  behind  tlieiii. 
Drifts,  and  even  inland  Eanrl-liilln,  gomctimes  result  fnmi 
breaking  the  surface  of  more  level  sand  dcpoaits,  far  witliin 
tho  range  of  tlie  coast  dinies.  Thus  wo  leani  from  Starin^r, 
that  one  of  the  highest  iiihiiid  dunes  in  l-Viealaiid  owes  it* 
origin  to  the  opening  of  the  drift  Band  by  tlic  uprtKitiug  of  a 
largo  oalc* 

Great  as  are  tlie  ravages  produced  by  the  encroachment  of 
the  Eca  i\\xm  tlic  western  ehores  of  (u)ntinuntal  Europe^  they 
have  been  in  Borne  degree  compensated  by  spontaneous  mariuA 
deposits  at  other  pninta  nf  the  eoast,  and  we  have  seen  in  a 
former  i;ha[iter  that  the  industry  of  man  has  re^-Iaiined  a  largo 
territoiy  frc»ra  the  bosom  of  tlio  ocean.  Thefie  latter  tri- 
Timplis  are  not  of  recent  origin,  and  tho  incipient  vietorie* 
which  paved  the  way  for  them  date  Imck  perhai«  as  far  as  ten 
centuries.  In  the  monntime,  the  dunes  had  been  left  to  tlie 
opoiTitiou  of  the  laws  of  nature,  or  rather  freed,  by  human 
impnidenee,  fnjm  the  fetters  with  which  nature  had  lionnd 
them,  and  it  ia  scarcoly  three  generations  eiiice  man  first 
attempted  to  check  their  destructive  movements.  Aa  tlicy 
advanced,  he  unresistingly  yielded  and  iTtreated  before  thetn, 
and  they  liave  buited  under  their  sandy  bilhtws  many  hun- 
dreds of  aqnare  niilce  of  luxuriant  coni6eldaand  %iueyai'ds  aud 
foroAta. 

On  the  west  cf«6t  of  France  a  belt  of  dunea,  rarying  in 
^^TEfctfm  niA  NtdeHand,  L,  p.  435.  ~~ 
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uidih  from  a  quarter  of  a  mile  to  6ve  miloe,  extends  from  the 
Adour  to  the  esttiary  of  the  GironJe,  and  covers  an  area  of  nine 
liiiirilrwl  and  seventy  fMjimre  kiloraetrcH,  or  two  liiindreil  ant] 
forty  thoasand  acres.  When  not  fixed  by  vegetable  growlhs, 
tliese  dnnes  advance  eaetWArda  at  a  mean  rate  of  about 
CTic  rod,  or  eixtcon  and  a  half  feet,  a  year.  We  do  not  know 
hitftoneally  when  tliuy  be^^aii  to  drift,  but  if  we  snpposo  their 
motion  to  have  been  always  the  same  as  at  present,  they  would 
have  passed  over  the  spn(«  between  tlie  sea  cxmbI  and  iheir 
present  eastern  border,  and  covered  the  lar^  area  above  men- 
tioned, in  fourteen  hundred  years.  We  know,  from  wn'tten 
records,  that  they  have  buried  extensive  flelda  and  fore-^ts  and 
tliriving  villages,  and  clianged  the  courses  of  rivers,  and  that 
the  lighter  particles  carried  from  them  by  the  winds,  even 
where  not  transported  in  siiftifient  quantities  to  fonn  sand-hills, 
have  rendered  sterile  much  land  formerly  fertile."  They  have 
also  injuriously  ol>strQcted  the  natural  drainnge  of  the  maritime 
districts  by  choking  up  the  beds  of  tlie  streams,  and  forming 
hikes  and  p>estilent)al  swamj^s  of  no  inconsiderable  extent.  In 
fact,  80  completely  do  they  embank  the  coast,  that  between  the 
Gironde  and  the  village  of  Mimizan,  a  distance  of  one  hundred 
milea,  there  arc  but  two  outlets  fur  the  diHchar^  of  all  the 
waters  which  flow  from  the  land  to  the  sea ;  and  the  eastern 
front  of  the  dnnos  is  brirdered  by  a  succession  of  stagnant 
pools.  Borne  ot  which  are  nntre  than  six  miles  in  length  and 
bread  th.t 


*  The  tnoTAneot  of  the  dnmOM  haa  bona  haidl;  lea  dcwtnotir*  oa  tho  oortb 
■Me  of  Ui«  GlKnid«.  Sm  tbs  nJtubU  artklM  of  KltiUr  RRri.Ttx  ia  the  Jtf- 
fir  dt»  iVf/x  Mvnitft  fur  DDOotabor,  1983,  and  mtwoI  Istor  oamtMra,  «ulitli*(l 
'*  U  UU^tl  fb  frj  Frnnct." 

f  LATAt.,  Jlifitoin  tar  Ifx  Diiiut  du  Qiijt  dt  Ootefiffne,  Annatm  4t»  P&ntt 
ft  CkaiuaiM.  I&t7,  p.  233.  Tbo  iiaUior  mAAm,  m  *  enrinna  and  anezplaliud 
fact,  that  MtiM  of  tbaM  pools,  tLaogh  mrklQtitJjr  Dot  ori^ol  formatioBa  but 
mnT9  aonimnlaticiDa  of  water  dnmmed  np  hy  tlie  dnnoi,  liaro,  along  Lhair 
waatam  tboie,  d«k  tb«  baae  of  tb«  saad-hilLi.  a  depth  of  mora  than  onn  hnn- 
dred  anil  Uiir^  fsei,  and  benoo  their  bottoau  are  aoi  ta«  titan  oight/  foot 
b«low  tho  levol  of  Um  lovaat  tUea,    Tbatr  waatara  baaka  doaoand  at««pl>-, 
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A  rann^  of  dunes  extends  along  the  whole  weetem  oo««fc<rf 
Jutland  aiiJ  Strhleswig-IInlntein,  and  the  inoveniont  of  thtm 
8snd-hill9  was  fnrnierlv,  and  at  some  points  still  is,  very  dc- 
Btnictive.  The  mte  of  eastward  movement  of  the  drifting 
dnnoA  varies  from  three  to  twentj-fonr  feet  per  annuTn.  If  we 
adopt  the  mean  of  thirteen  feet  and  a  half  for  the  annual  mo- 
tion, thcM  dunes  have  traversed  the  widt*t  part  tif  tlie  Ik-U  in 
abont  twentv-five  liuiidrod  years.  Historiual  data  are  n-anting 
as  to  tlie  jieriod  of  fhe  fnrniation  of  the,aG  dnncs  and  of  duf 
eommencement  of  tlieir  drifting;  bnt  tliere  is  remirded  evt* 
denco  that  they  have  hurled  a  vast  extent  of  valuable  land 
■withiu  three  or  four  centuries,  and  further  proof  is  fouml  b 
the  faet  that  the  movement  of  tlie  sandn  is  constantly  unotrcr* 
ing  ruins  of  ancient  huiUliiig«,  and  olher  evideuues  of  buiuait 
occnpatir>D,  at  points  fnr  within  the  prescnf  limits  of  the 
uninhahitaMe  desert.  Andresen  eotimates  the  average  depdi 
of  tlie  sand  dejxtaited  over  this  area  at  thirty  feet,  wbic^  Wuald 
give  a  cubic  mile  and  a  half  for  the  total  qtumtity.* 

The  driftinj*  of  the  dunes  on  tlie  yia^t  of  Prussia  commence*] 
not  much  more  than  a  hundred  years  ajfo.  Tlie  Fri*.rhc  N'cb- 
mng  is  septirated  from  the  mainland  by  the  Frischo  IlHff.  and 
there  is  but  a  iiarmw  ('trip  of  arable  land  ali<ng  its  eaetoru  bor 
ders.  Iloiiee  it*  nilling  sands  have  covered  a  comparatively 
small  extent  of  dry  land,  but  fields  and  Wllages  have  Imco 
buried  and  valuable  forests  laid  waste  by  them.    Tlie  lnofle 

txHiforming  neuly  to  tlio  slopft  ot  th«  dnnoa,  wbilo  on  the  QorUi-«a«b  aod 
•Outh  the  inciiantioa  of  their  bcdH  ut  tbij  grulu*].  Tbo  tri«at««t  dapth  of 
the«o  pool)  onrrcsiiondii  tA  that  of  the  raa  t«&  inilrM  fmm  the  BhAre.  I«  (I 
pOMible  thai  tbn  woight  of  tfas  eanda  h*s  proaaad  together  tha  •oil  on  wliicA 
Vatj  nut,  And  thtu  ocoaatoned  a  niMijenne  of  thm  satAKse  exteodins'  b<ffM>4 
their  baMT 

A  more  ptoKiMr  expUnaHon  of  th«  fact  Rtotod  in  the  luite  Is  Mtgg«aud 
y>y  Rti>£e  R«cliu,  in  sn  artiolo  cntitliMl  f^.  I.itUml  d*  h  Fninee,  hi  ihB  itn^m 
dm  Ihux  Xantin  for  Se[it«mb«r  I.  IWU.  pp.  103.  It)4.  This  »Ue  writer  te- 
liODM  Boob  pools  to  be  the  nnuina  of  anci^at  tnoritims  bav*.  vhkifa  ti>Te 
cutoff  fTom  thsooMnbrgndiudlr  accumuUtcd  nnd  bBokt  miaed  tj- 
wavss  uid  windB  to  Uiv  cbArnctcr  of  doona. 

*  Andbbsiui,  Om  Klilformtitionen,  pp.  W,  79.  W. 
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oout-mw  lifl£  dn'ftod  over  the  hilnnd  rangce,  vhieli.  as  vna  no- 
ticed in  the  de«crii)ttoTi  of  these  dtmee  on  a  former  pago,  were 
|m>tcele(l  by  a  surface  ot  different  compoftition,  and  the  gam) 
has  thus  been  raised  to  a  height  which  it  could  not  hav^ 
roac*ho4l  ujm^u  level  groutid.  Tliis  elevation  has  eitahU'd  it  to 
ndvatif^  mmn  and  overwlielm  woodfi,  which,  ui^iii  a  phiin, 
would  have  ehcfke*!  iTr  ptY»;jre**»,  and,  in  one  instance,  a  forest 
of  many  hundrc<l  acrci«  of  tall  pines  vras  defttro^ed  by  the  drifts 
between  1804  and  IS'JT. 

Control  of  Dunes  by  Man. 

Tliorc  are  throe  principal  inodea  in  whidi  tlio  industry  of 
man  is  brought  to  bear  npon  the  dnnes.  First,  the  creation  of 
thoin,  at  points  where,  from  changes  in  the  current*  or  other 
cansc^,  new  encroach  men  t«  of  the  sea  arc  threatened ;  second, 
tlip  muiiitcnatice  and  proteolion  of  thcra  where  thoy  have 
been  naturally  formed;  and  third,  the  removal  of  the  inner 
^^ws  where  the  belt  is  so  brond  that  no  danj^er  is  to  be  appro- 
hondfd  from  tlie  low  of  them. 

In  describing  the  natural  formation  of  dunes,  it  was  said  tliat 
tliey  began  with  an  atxtinmlation  of  sand  around  some  vegeta- 
Ido  or  other  acfiilcntnl  obstruction  to  tlic  drifting  of  the  par- 
tiidcs.  A  high,  perjiondicular  clifF,  wiiicli  deadens  the  wind 
alli^ther,  prevents  all  accumulation  uf  sand  \  but,  np  tn  a  cer- 
tain point,  the  hi;;her  and  brooder  the  oltstniction,  the  more 
mud  will  lieap  up  in  fremt  of  it,  and  the  more  will  that  which 
falls  behind  it  be  pnjtwted  fmm  drifting  fartlier.  This  fatniliar 
observation  ha^  taught  the  inhabitants  of  the  coast  that  an  arti- 
ficial wall  or  dike  '.vill,  in  many  situntloitt*,  give  r\6Q  to  a  hnrnd 
belt  of  dnnes.  Thuft  a  sand  dike  or  wall, of  three  or  four  miles 
in  length,  thrown  in  ICIU  across  Ibe  KiH^cim!*,  a  tide-washed  flat 
between  the  Zuiderzee  and  the  North  Sea,  lias  occasioned  the 
fonnation  of  rows  of  dnnee  a  mite  in  breadth^  and  thus  cxdndtH] 
the  sea  altogether  from  the  Kitognie.  A  siinilsr  dike,  c»Ih-d 
the  Zijperzeedijk,  lias  produced  another  si^arcoly  loss  extensive 
belt  in  the  course  of  two  oenturics. 


593 


PROTECnoS  OF  DUJflB. 


A  few  rears  since,  iho  sea  wag  threatening  to  cnt  tlirongh 
the  islftud  of  Amelaiiii,  and.  by  euoronchment  on  tlie  (Loiithern 
side  and  the  blowing  ofi  of  the  saud  f  n-'iu  a  low  flat  which  con- 
nected tlie  two  higher  parts  of  the  island,  It  had  made  snrh 
projrresfl,  tlmt  in  henry  stnrin'?  the  waves  soinetimee  rolled  qnitc 
ncrops  thft  iBtbmiis.  The  cons  truer  ion  of  a  breakwater  and  a 
Band  dike  ttave  ah-eady  checked  the  advance  of  the  sea,  and  a 
large  number  nf  Band-hills  has  been  fonned,  Ibe  rapid  f^wth 
of  which  promises  complete  future  seunrity  a^inst  both  wind 
and  wave.  Similar  effc«ts  have  been  jiroduced  by  the  erection 
of  jilank  fences,  and  even  of  simple  screens  of  wattling  and 
reedn..* 

The  dimes  nf  Holland  are  soraetiines  protected  from  tb* 
dashing  of  the  waves  by  a  reretement  of  etone,  or  by  piles;  and 
the  lateral  high-water  currents,  which  wash  away  their  base,  are 
occasiiinally  checked  by  tranRverw  walls  running  from  the  foot 
of  the  dnnes  to  low-water  mark  ;  but  the  gi-eat  expense  of  snch 
eonstrncrtions  has  prevented  their  adoption  on  a  la?^  fuade.f 
The  prinMpal  moans  relied  on  for  the  protection  of  the  sand- 
hills arc  the  planting  of  their  surfaces  and  thecxclnsion  of  bitr- 
i-Kiwiiifj  and  ^razin^  animals.   Tliore  are  {Trasses,  creeping  plant*, 
and  shrubs  of  spontaneous  jEfrowtb,  whirb  flonn'sb  in  loose  sand, 
and,  if  protected,  spread  over  considei-able  tract<^  and    finally 
convert  their  fare  into  a  soil  t-apable  of  cultivation,  or,  at  least, 
of  profbicin^  forf\st  trees.     Krause  enumerates  one  hnndred 
and  scvcnty-one  plants  as  native  to  the  coast  sands  of  Pniast*. 

*  STABnfo,  Jk  Bodtm  tan  A'etffHnnd,  L,  pp.  338— "Ul.     Id.,  VoermtaaU  . 
TTiarui.  p,  1G3.     Akdhehen,  Om  Klitfiyrmalionm,  pp.  3W),  S95. 

The  creation  ot  neir  dooes,  by  the  processM  iD>eTitioiied  in  the  t«xt.  mwhu 
ta  bf!  maoh  oEiler  \a  Enrope  thAu  tbe  sdoption  of  meaBonB  for  seoiiHii|f  ttuni 
bjr  pluiUnf;.  Dr.  Dwighc  mcntioua  k  ctws  ia  Mnaaachaaetta,  where  a  baacb 
wu  rpjttoreil,  anil  new  dunes  farmed,  hy  pinnttng  beftoh  graw.  "  WiLfafn  ih» 
rawinory  of  BIT  informatiC.  theMft  broka  over  the  bench  which  connects  Tnuo 
with  Prnvince  Tovrn,  and  itwf>pt  the  hoAy  of  it  away  fi>r  some  diBtuic>>.  The 
beacb  gran  waa  immedintd;  planted  oa  the  apot ;  in  oonaeqcenoe  of  which 
the  beaob  waa  ngata  nlKed  to  a  aufflolent  hoiRht.  and  ia  Tarioaa  pUom  into 
hflk."— fivirdt,  iii.  p.  93. 

f  Stariko,  1.,  pp.  810,  »H2. 
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nn{\  the  ohserrations  of  Amlreseii  in  Jutland  carry  tlio  number 
of  llie^  ru^tables  up  to  two  hundred  aud  Ihirty-four. 

Some  of  tlicde  plants,  cs[>ecia]ly  the  Arumh  arenaria  or 
arennsOyOr  Psamina  or  PMfniiiff/>hi/<t  arennria — Klittclai;:,  ttr 
Mjeliite  in  Danish,  hehii  in  Dutch,  DQnenhahn,  SaudtMihilf, 
cir  IlUgelrohr  m  German^  gt)nrl)et  in  Kraiiuh,  and  marram  hi 
EnnrliBh — are  exdusively  e<ii>fine<l  to  Bandy  ttoils,  and  tlirivo  well 
ouly  in  a  valine  atmugphei'e.'''  The  arundo  grows  to  tho  height 
uf  alK)ut  twenty-four  in^-iics,  but  sends  its  etmn^  routs  uitU 
titeir  many  roollct^  to  a  dialance  of  forty  or  fifty  feet.  It  baji 
tlie  peculiar  property  of  !iourishing  best  in  the  lowest  soil,  and 
a  fiand-hbower  boouu  to  rcfrc«b  it  as  the  rain  revives  the  thirsty 
plants  of  the  (»^iinnoii  tiailli.  lut  roots  bind  togctlicr  the  dunes, 
and  i(a  leaves  pmtcut  their  durfaco.  When  the  sand  ceases 
to  drift,  the  anindo  dies,  its  decayinj^  roots  fertilizing  the  sand, 
and  the  decorapoairiou  of  its  leaves  forming  a  layer  of  vege- 
table earth  over  it.  Then  follows  a  su<'ceK?i<iu  of  other  plants 
which  pradnally  fit  the  sand-hills  by  growth  and  decay,  for 
fiirest  planting,  for  pasturago,  and  sometimes  for  ordinary  agri- 
cuUiinil  use. 

But  the  protection  and  gradual  trausformation  of  the  dnneA 
is  not  tlie  only  service  rendered  by  this  valuable  plant.  Its 
loaves  are  nutritious  food  for  bbeep  und  cattle,  its  eecds  fur 
I»ultry;+  wirdogc  and  netting  twine  are  niannfitctnred  fnmi 
its  fitirt'!',  it  innkci4  a  goo«l  matorinl  for  tliatching,  and  its  dried 
nxith  fimilith  excullout  fuel.  These  useful  fjnalilioa,  nnfortu- 
nately,  arc  too  often  prejudicial  to  its  growth.  The  jjcasanta 
feed  it  down  with  their  cattle,  cut  it  f^^r  fipe -mailing,  or  dig  it 
up  for  fuel,  and  it  has  lieen  found  no(%!s»ary  ti>  resort  tr>  severe 
legislatt^in  to  i)rercnl  them  from  bringing  niin  iijton  them^clvee 

*  There  li  wobm  oonfosioa  fai  thv  pofinliir  OM  of  thoMi  Damaa.  aoj  in  tbe 
Mi«BtiAu  dcsJffiutioiM  of  nnd-pIuitM.  and  th*7  an  poMdblj  apfttUd  i»  dlffmnt 
pUnta  in  diffonat  plMOW.  Some  writcn  Mjla  Um  gourbct  Ct^amagrtUi*  «r#> 
nar^,  voA  difltltifrniah  tt  frnm  tJtf  DanUh  KlitMtaff  or  tljalm*. 

t  Brwd,  not  indciHl  Terjr  paluteblo,  liru  boon  mode  of  tbe  oooda  of  Um 
anudo,  but  tlu  qoaatitT'  whicb  oiua  bo  eMbemd  l«  not  mffldont  to  fonn  ui 
impntaot  ooooomloal  nioaiaa.— AXDBMBRt  Om  Slitf0rnteiti»H€H^  |>.  IW, 
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liy  tlins  iin providently  sacTiGcinpr  their  moat  effectual  safe 
against  the  drifting  of  the  sands.* 

In  1539  a  decree  of  Christian  III.,  Ijing  of  Denmark,  iia-^ 
jKwed  fl  fine  upon  jiorpons  eiinvieted  of  destroying  certniii  gpi 
cies  of  sand-iilantfi  upon  tlie  west  coast  of  Jutland.     This  ordi- 
nance was  renewed  and  made  more  tximprehe naive  in  155! 
and  ill  1569  the  inhabitants  of  several  districts  were  required, 
by  royal  rescript,  to  do  their  best  to  uheclc  the  sand-iiriits, 
t]iongh  the  speeifio  measurcB  to  be  adojited  for  that  purpose 
arc  not  indifalcd.     Various   laws  a^iinttt  etrliipiiig  the  diineft^i 
of  their  vegetalirm  \vei*c  ciiacited  in  the  following  century,  batl 
uo  active  measures  were  taken  for  the  subjugation    of    thtt>] 
sand-drifts  until  177'J,  when  a  preliimnarv  system  of  operatioo' 
f'lr  that  purpose  wfis  aduptcd.    This  L'unaistcd  in  little  morvj 
than  the  planting  of  the  Arwulo  amiaritt  and  uthor  sand* 
jiliintp,  and  the  exelu&ion  of  aiiiiiiiils  deftructivo  to  ihutM>  vege- 
tables.t  Ten  years  laterT  planrations  uf  forest  trees,  M'hieh  havo 
eiiice  proved  bo  valuable  a  means  uf  fixnig  the  dunes  and  ren- 
dering them  prodnctive,  were  ctmimencod,  and  have  l>eeii  con- 
tinued ever  sineo-if     During  ihis  latter    period,  Dr*5inf.mtier, 
without  any  knowledge  ttf  what  was  duingin  r>eniriark,vxper-j 
iniented  n|W)n  thocnltivfttion  of  foiviit  ticeson  thudiinesofi 
cony,  and  ]icrfcctcd  a  system,  whi«:h,  with  sumo  impntvcmentt' 
ill  niattera  of  detail,  is  s'.ill  largely  pursued  on   thui«  ehowa.^ 

♦  Bkiwb  jE,  Reteaiian  YirkMiinh/^  IE.,  p.  4. 

f  Uvanires  w«r«  token  for  th«  protection  of  Um  daD««  of  Capo  C<id,  b 
BbwMiiJiuiwttA,  duiiiiff  the  cu)'>tilnl  iKtricxI,  though  I  belteve  Hwy  ar«  now  nb* 
BtuntJaJy  abacdoaed.  A  bandred  ftta*  tga.  tMfore  tJia  raUcy  of  tlui  Ui^^ 
■]ppl,  or  OTen  tba  rich  pl&lmi  of  CeDtral&nd  Wevtem  Htm  Votl:,  were  a|i«a«4 
tc»  the  vhlte  settlor,  the  mine  of  Und  vm  nlAtively  much  groKtar  io  TSvm 
EnjtlaDil  than  ft  u  st  prcmmt,  nitd  ooQsa(|a&ntly  BOni«  rur»l  iiniiriiiiiiininTi' 
were  (hen  vorth  makinjr.  which  would  nol'  noir  jield  mfBoicnt  rvtainu  to 
tempt  the  iDr^Htiacnt  of  oapitol.  The  nuute/  uid.  the  time  caquire^  to 
dno  ani  render  prodncttve  twen^  ecres  of  De«-mnd  on  Capo  Ood,  wonld  hn 
&  "wctioD"8nd  r«ar  a  fuiuil^-  iu  liliiiwA.  The  koq  of  the rilffritn,  thcnffin, 
abandona  the  i&nd-liillB,  nsd  ne^Vs  a  tKitor  fortone  on  the  f t^rtUe  rrairiw  «| 
the  Weafc.    Sec  Dwiorrr,  Tmulu,  i..  pp.  93,  03. 

X  AKDUSauK,  On  Kiiifortnaliaaen^  pp.  E37,  840. 
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The  example  of  Denmark  wu  soon  followed  in  the  nciglibor- 
inff  kiiiffdom  of  Prussia,  and  in  the  Ketherlands ;  and,  as  we 
shall  sec  hfreafter,  tliuac  improvements  have  been  everywhere 
cn-twTied  with  mmt  flattoring  8nc<:e8s. 

Under  the  ndminigtration  of  novontlov,  a  little  before  the 
cloee  of  the  laat  oeiUnrv,  the  Diini&h  (lovominent  oi^nizcd  a 
regular  aystem  of  improvement  in  the  economy  of  the  duiiea. 
Tlieywero  planted  with  the  arimd'i  and  otlier  vegetablen  of 
similar  habile,  prutecttfj  against  treeiMifeww,  and  at  hwl  partly 
covered  with  forest  trcea.  By  these  meanft  mnrh  wa<tte  soil  has 
been  oonvertod  into  arable  ground,  a  large  growth  of  valuable 
timber  obtained,  and  the  further  spread  of  the  drift?,  whi«h 
threatened  w  lay  waste  U»e  whole  peninsula  of  Jutland,  to  a 
cotifiidenible  exIt-iit  arrested. 

In  Franco,  tlie  tiperatioiis  for  fixing  and  reclaiming  the  tlnnea 
—which  bei^n  nnder  the  direction  of  Bn^ninnlier  alxnit  the 
same  time  as  in  Denmark,  and  which  are,  in  principle  and  iu 
many  of  their  details,  Bimllar  to  those  employed  in  tlie  latter 
kingdom — have  been  condncted  on  a  far  lai^r  scale,  and  with, 
greater  BUP<Tt'ss,  than  in  any  other  coimtrv.  This  is  partly  ow- 
ing lo  a  clinmte  more  fuvurablc  to  the  growth  uf  snitablo  forest 
trees  than  that  of  Northern  Europe,  and  partly  to  tlio  liberality 
of  the  Goveniracnt,  which,  having  more  important  landed 
interestfl  to  protect,  has  put  larger  means  at  the  dispoeal  of 
the  engineers  tlian  Denmark  and  Prussia  have  found  it  eOD- 
TOOient  to  apprr>priate  to  tlmt  purpose.  Tlie  area  tti  tlie  dunes 
already  secured  fr»jm  drifting,  :ind  planted  by  the  jirocessoa  in- 
vented by  BrC'montier  and  perfo^^tod  by  bis  succc«sorB,  is  about 
100,000  wTreft.*  This  atnonntof  priKlnctive  s^iil^tlien,  ha*  I«ceu 
added  to  the  resources  of  France,  and  a  still  greater  quantity 
of  vabwble  land  has  l>eeu  tlwreby  rescued  from  the  other- 
wise oertain  destruction  with  which  it  was  threatened  by  the 
advance  of  tl»e  rolling  sand-hills. 

The  improvements  of  the  dunea  on  the  ooast  of  West  Fnuri& 

•  "Tb(<MeplAutAtiaDB.  par*eT«rin([lyooatiDoedfrciai  the  time  of  Brimmitier, 
BOW  oorer  more  tJi&n  40,000  beotara,  and  oompoM  forMta  whidi  ara  not 
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begflu  in  1795,  ander  Soreii  Bj5ni,  a  native  of  Denmark.  an( 
with  the  exeeptiou  of  the  ten  years  bet^vucn  1H07  and  lftl7, 
they  have  l>een  pnisecuted  ever  since.  The  methods  do  not 
differ  esseiiliiilly  fi-niii  ihtise  employed  in  Denmark  and  Franoe, 
though  rhey  are  nuxlitied  Uy  local  circiimBtances,  and,  with 
reftpoot  to  the  trees  selected  for  planting,  hv  climate.  In  1860, 
between  the  mouth  of  the  Yiatula  and  Kalilbeix,  6,3'X>  acres, 
including^  about  1,^00  aen'S  i>laiited  with  pines  and  birches, 
had  been  secured  from  drifting;  Ijetweeii  Kahlberg  and  the 
eafltern  Ixmniiary  of  Weet  Priiseia,  6,000  acres ;  and  important 
pi-oliininaiy  operations  had  been  carried  on  for  subduing  the 
dunes  on  the  west  eoasL* 

Tlie  tree  which  has  been  found  to  thrive  best  tipon  ilie 
gand-hills  of  the  Frcnuh  coast,  and  at  tlic  same  time  to  confine 
the  sand  most  firmly  and  yield  the  largest  pecuiiiarj-  returns, 
ifl  the  maritime  pine,  Pmu«  jn/irUtma,  a  species  valuable  \toth 
for  its  timl>er  and  for  its  resinous  products.  It  is  alwa^-ti  gmwn 
from  seed,  and  the  yonng  shoots  roqnirc  to  be  protected  for 
Bevoral  ecasona,  l>y  the  branches  of  other  trees,  planted  in  rovre, 
or  spiiiad  over  the  Burface  and  staked  down,  by  Uie  growth  of 
the  Arnndo  arenaria  and  otlier  email  sand-plants,  or  by  wat- 
tled hedges;.  The  beach,  from  which  tlie  sand  is  derived,  lias 
been  generallv  planted  with  the  aniudo,  because  tiie  pine  does 
not  thrive  well  so  near  the  sea  ;  but  it  is  thought  tliat  a  speciei 
of  tamarisk  is  Hkely  to  succeed  in  that  latitude  c^-cti  bettor 
than  the  arundo.  The  shade  and  the  pniteclimi  offered  by  the 
branching  top  of  tliis  pine  aro  favorable  to  the  gn>wth  of  decid- 
uous trees,  and,  while  still  young,  of  shrubs  and  smaller  plants, 
which  contribute  more  rapidly  to  the  fonnatinn  of  TCgetabte 
mould,  antl  thus,  when  the  pine  has  once  taken  root,  the  r^ 
demption  of  the  %vast«  is  oonsideretl  as  effoctnally  eccuroL 

In  France,  the  maritime  pine  is  planted  on  the  nanda  of  the 

only  tha  aalvation  of  tho  depAitoutat,  bat  cooAiCate  it*  wealth." — CLAvri, 
£tu<ia  ForMQret,  p.  S54, 

Ocher  aiithora  hare  sttitcd  th«  pUntfttJooi  of  tbe  Frendi  do&M  to  \m 
mote  «xieiia)Te. 

•  Kbcbb,  JOingnlHW,  pp.  S4,  3S,  4a 
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interior  as  well  as  on  the  dunes  <i(  tlic  fieucoast,  and  with  e«|tial 
advanta^^.  This  troo  rcAcmbloa  Uio  pitch  pine  of  the  Southern 
American  States  in  its  habits,  and  i»  apj'liod  to  the  aamo  n^A. 
Tl»!  extnictlon  uf  tnrpentine  from  it  begins  at  tho  age  of  about 
twenty  jeare,  or  when  it  has  attained  a  diameter  of  from  nine 
lu  twelve  inches.  Iiioisiuiis  are  made  np  and  down  the  trunk, 
In  the  depth  uf  about  half  an  inch  in  the  wuod|  and  it  is  iosigl- 
od  tliat  if  nut  mure  than  two  Huch  bHIa  are  t:iit,  tlie  tree  i^  not 
Benttibly  injnred  by  the  prooeaA.  The  growth,  indeed,  ia  some- 
what checked}  but  the  wood  becomes  superior  tu  that  uf  trees 
fn>in  whicli  the  turpentine  U  nut  extracted.  Thus  treutcd,  tho 
pine  cuutinucA  to  tlutirinh  to  the  o^  of  one  lumdrod  or  uno 
hundred  uid  twenty  ycam,  and  up  Ut  this  age  the  treee  ou  nii 
acre  j'ield  annually  300  pounds  of  ossenee  of  turpentine,  and  250 
{lunnda  of  reain,  worth  together  not  far  from  ten  dollars.  Tho 
exponae  of  extraction  and  distillatiuu  is  calculated  ut  abmit  fi>ur 
dollars,  and  a  clear  profit  of  more  than  &v'e  dollars  ])or  acre  b 
left.*  Thia  is  exclusive  of  tlie  value  of  Oie  tiinlwr,  when  finally 
cut,  which,  uf  course^  aiuoiints  to  a  very  cmisiderable  sum. 

In  Denuuirk,  where  tho  ulimate  is  much  eoMer,  hardier 
conifers,  as  well  as  the  biixdi  and  other  northuin  trees,  are 
found  to  answer  a  better  purpo^  tluin  the  maritime  pine,  and 
it  is  doubtf  id  whether  this  tree  would  bo  able  to  resist  the  win- 
ter on  the  dunes  uf  Massachusetts.     Prubiibly  the  pitch-pine  of 

*  Thcaa  proc«aM«  nn  Hubntanliall;  uniU&r  to  tbow  emtilojrud  ia  tlio  pifloriw 
of  tho  CaroIInu,  but  thcf  sk  bctt«r  sjnCcmiitUfil  <uul  mono  eoonoinlailly 
ooaduotod  In  Knuic«.  In  tbo  latter  country,  all  the  prodacU  of  tho  pino,  emi 
to  tbo  oone*,  fiail  a  reniiuu>imtin|^  niArlwt,  whilr*.  Id  Amorlott.  tbo  prioa  of  tvtio 
b  m  low,  that  Lu*tb«  Beros  Btcaiuboat  now  on  Uia  gruat  liYoia,  luge  qnaaCitiM 
of  it  ore  thrown  Into  tlia  fimooM  to  tncrouw  the  laUsa^tj  of  the  firm.  In  ft 
oanfuU/  |>r>9piu«l  articlo  ou  t!i«  Sootheni  piiiBri«a  puMtsbwl  la  aa  American 
BugaslB«~I  thia\i  ftaq>n*ii~~a  few  jears  ago,  It  waa  iitatcd  that  th«  rena 
tma  Um  tnrptobae  duitilleciM  wm  aouMCiiiMa  allowed  to  run  to  wHit«<;  and 
the  a^lfcii.  m  one  iortarinat  ohaamd  a  bum,  ttun  Hijcebod  aa  mbliiah,  whtHi 
waa  eatiiaateil  to  amount  to  two  Uunuand  baciab,  Otnutad  kaw,  dcoi  a  dia- 
tilIor7  whloli  had  been  In  opontUoa  bat  a  tia^a  jrear,  a  pool  of  natn  ealimitoj 
to  coQlAin  throe  Uiwu«nnd  bamla,  which  htul  boen  allowad  to  ran  off  m  wast*. 
—A  Ji/urmr  iht  tAe  tn&oard  State  Statei,  1808,  p.  8i5. 
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the  Northern  Statee,  in  conjunction  with  some  of  tJie  Amencaa 
oaiis,  birches,  uud  puplars,  and  especially  the  robiiiia  or  locuit, 
wwild  prove  vi.yry  jjultable  to  he  employed  on  the  &aud-biUs<if 
CajK!  Cud  mill  Iaih^  iMlancl.  Tlie  ailitnthits,  now  coiniiifp  into 
iiutii-ti  BH  a  Miiid-loviiig  treo,  Home  i^pecius  of  taiuarisk,  sad 
])orhn|>s  tlio  Atpres^us  macrocar/ta^  already  found  ueef»l  ca 
tho  i1iniC6  in  California,  may  prure  valnable  auxiliariuA  in  i«- 
eiftting  the  eiicroitchnient  of  dnl'tin<^  sands,  whether  m  ^  mnrJM 
or  in  Europe^  niid  the  intermixing  of  different  &(>ecioa  wmU 
donlitlcss  1>L>  iittuiuled  with  as  valuable  results  in  tltis  as  in  cthv 
hi-aiichea  of  forest  economy- 
It  cannot,  indeed,  be  afHrmed  that  human  power  is  mUe  t> 
arrest  altogether  tito  incursioiis  of  tJie  wa%-efl  on  eand^  — r*i 
by  plautiuj;  the  beach,  and  elotliin^  the  dnite-j}  with  wood.  Ok 
thu  uiintrary,  both  in  Holland  and  un  the  French  ooaBt,ithH 
been  found  noceesary  to  protect  tho  dunes  tlioniM^lvea  hj  pibv 
and  by  plcra  and  soa-walla  of  heavy  maeoiiry.  Hut 
ha8  amply  Bho\nk  tliat  the  processes  referred  to  are 
fiiiucessfid  in  pi-ovcnting  tho  inopcmoitt  of  the  dunes, 
drifting  of  their  Minds  over  enltivate^I  lands  bohind  then; 
that,  lit  the  nutio  time,  tho  plantations  very  tuucU 
landward  pi-ogi-et«  of  tlie  walere.* 

Sosides  tho  ttpecial  oQlceof  dniic  plantations  nlroadr 
I hcee  forests  have  tlic  Huiie  ^oiicnil  ti&e^  a&  uthcr  wjo^' 
they  liuvo  soinctiinee  formed  by  tlioir  droppings  &o  thick 
of  vejretable  mould  that  tlie  sand  benejith  has  become 
Bocurod  to  allow  the  W(R>d  to  be  felled,  and  the  sar&eK 
ploughed  and  cultivated  wiUi  ordiiiary  Held  cro^ia. 
In  some  cases  it  has  been  found   possible  to 
cultivalo  wast  eand-hilli^    even  without   pruIimituuT 
plantation.    Thus,  in  the  vicinity  of  Cap  Hreton  in  *Fs 
peonliar  piMcoss  is  Buccessfully  employed,  both  for 
the  tirifling  of  dunes,  and  fur  rendering  the  Rauds 


*  Bm  a  v«rjr  inttrMtJa^  uticle  «aUtlad  "  Le  LtUoral  a«  i^ 
Klibkb  Bkclos,  in  tfao  Jtniu  da  IMux  JVcmdw  for  Decentber    ll 
980. 
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immcdiAtoly  ]ii*rM]iintivu;  l>iit  i\m  inet1u>d  is  applicable  only  in 
exeoptionaluktiesuf  favorable  cliiiiiLtu  and  exposure,  li  consists 
in  planting  vineyards  u\>oa  the  dunea,  and  protecting  them  by 
lio<l^!S  of  hnMJui,  Krityi  ^veoparia,  so  dtspoeod  as  to  form 
rectauglee  alioul  lliirty  fwjt  by  forty.  The  vinos  planted  iu 
tbeso  enalosures  thrive  admirably,  and  tlie  grapoA  pmduiiod  by 
Ihem  are  among  the  Iwat  grown  in  France.  The  dunes  are  so 
iw  frain  being  an  unfavorable  £oil  for  the  vine,  that  fn«h  sea- 
sand  is  regnlarly  employed  aa  a  fertilizer  for  tl,  altenialiug 
every  other  season  with  ordinary  manure.  T!ie  quantity  of 
sand  thus  applied  every  seuond  year,  raiw«  the  eiirfuco  of  the 
Tinoyunl  alvout  four  or  five  inclios.  Tho  %ine6  are  cut  down 
every  year  lo  three  or  four  shoota,  and  the  raising  of  the  soil 
rapidly  covers  the  old  stocks.  As  fa^t  as  buried,  they  send  out 
new  roots  near  the  Kiirface,  and  thus  the  vineyard  is  constAully 
renowe*],  and  has  alu'aye  a  youthful  appcnrnuL'o,  though  it  may 
have  been  alr-oady  planted  a  eouplo  of  gencratinns.  This 
practieo  is  aftcertaincd  to  have  boon  followeil  for  two  <-cntiirieiS 
and  is  among  tho  oMe^t  wcll-anthcntteatcd  attempts  of  man  to 
resist  and  vanquish  the  diini'p.* 

The  arlitirinl  renuivnl  of  dune©,  no  longer  nereasary  ns  a 
prot4!ction,  does  nut  appi^r  to  have  been  practt&cd  upon  a  lai^ 
seale  except  in  tlie  NotherlmulD,  where  thu  nnmen>iis  ranaU 
furnish  an  easy  and  economical  ineanii  of  tmn>iporting  the 
sand,  and  where  tlie  cmfltritction  atnl  mHiutcnanco  of  sea  and 
river  dikes,  and  of  CAiiseu'nya  and  other  cmtiankments  and 
filling^,  create  a  great  demand  for  tlmt  mati'rial.  Sund  \i  also 
employed  in  Holland,  in  large  qnantitiea,  for  improving  the  eon- 
siatcncc  of  the  tough  clay  bordering  apon  or  nnderlying  dilnviid 
dep<«itH,  and  f<»r  funning  an  artificial  soil  for  tlie  growth  of 
certain  garden  and  onmmental  vegetablca.  Whon  tho  dunes 
arc  removed,  the  ground  thoycoverc!d  is  reatored  to  the  domain 
of  industry;  and  tJte  (piantity  of  land  n!covcn!d  in  the  Neth. 
erlands  by  the  removal  of  the  Iwrron  sand-*  which  oneumberod 
it,  amounts  to  linndrctls  and  perhaps  tlioii-iandii  of  acns. 
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Inland  Dunes. 

TflSt  deposits  of  sand,  bolb  in  llie  form  of  dunes  an< 
plains,  are  fauml  far  in  the  iiitunur  of  continents,  jn  the  Old 
World  Hiid  ill  live  !New.  The  deserts  of  Gubi,  of  Arabia,  and 
of  Africa  have  been  rendered  familiar  hy  tlie  uarrative^  of 
travellers,  hut  the  &audy  wildernesses  of  America,  and  even  of 
Euro^je,  havo  nut  yet  been  generally  recognized  as  iiiipurtant 
elemeute  in  the  geogrnpiiy  of  the  regions  where  they  occur. 
There  ai-e  itDraeneo  wo&tuA  uf  drifting  sands  in  Pulnnd  and 
otlior  interior  parts  of  Eui*opo,  in  Fern,  and  in  the  leas  known 
regions  of  our  own  WcBteai  torritt^ry,  where  their  oxteut  is 
greater  than  that  of  all  the  coa^t  dunes  together  wliiuU  Iiavfl 
liitlicrto  be>ei)  detiurlbed  by  Kun)|ioau  and  Amcriuun  gco>^ra- 
pliere.*  ^ 

The  inland  sand-hills  of  both  heinispheres  are  comiioi^d  or™ 
Buhstaiitiatly  tlio  eaino  materia)  and  aggregated  by  tlie  actinn 
of  the  same  natural  forces  as  the  dnnce  of  the  coa^t.  There 
is,  thci-efoi-e,  a  general  reftcmblaut!©  between  thciii,  but  the/ 
appe»r,  uevertludusA,  to  be  diatiiiguiblied  by  certain  diOcrcncet 
which  a  more  attentive  gtndy  may  perhajM  euablo  gKH^lo^istcJ 
to  recognize  in  the  sandstone  formed  by  them.  The  sand  of 
wliiidi  they  are  comixised  corned  in  botli  prineii)ally  from  the 
bc<I  of  the  sea  being  brought  to  the  surfapo  in  one  coso  by  the 
actiein  of  tho  wind  and  the  waved,  in  the  uthcr  by  geobj^eal 
upheaval. t    The  sand  of  tho  ooast  dunes  is  rendcrtMl,  to  a 

•  On  the  Siohrara  rirer  nlonfi,  the  dnaes cover  a  TOrfaoo  of  tireatv  Utonniul 
square  inlles. — H.\YI>EX,  HeportoH  Ov>ioyioalSHrvffi€f  Wj/vmimj,  1870,  p.  109. 

f  Amenoan  oboerreTB  A^  nob  a^ree  lo  their  deiaiptloni  of  the  form  and 
dunotee  of  thfi  Huud-^nius  wUob  oompom  the  mtoriur  dunm  of  the  Xoith 
Atnen'oaB  deoert.  C.  C.  Pottt,  g«olop?t  to  tib«  Mexican  Boiudnrj  Com- 
miuioii,  in  de«chbiag  tlie  duiiex  uear  tlic  elaUun  at  &  spring  thirty-twro  milM 
vnat  tram  tho  Rio  Grande  nJt,  El  Pww,  luvva :  "  The  wpante  gniiw  of  the  muoA 
compodntf  tlie  ■anct-hUl«  u«  socii  utuln-  •  l«ua  to  bo  angolar,  »od  onb  rotUMjo^ 
u  vcul'l  be  the  ease  in  r^nlur  be«di  dnposita." — U.  fi  Man'ean  JShMrjwfafw 
&Mrp<y,  Ittrpart  t/,  voU  L.  OMbffietU  JBeport  of  C.  C.  Parry,  p.  10, 

In  ttio  general  dosonptlon  of  the  cnoatiy  tfrnveiwd,  nnui  volame,  p.  47* 
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certain  extent,  cohesive  by  moisture  and  by  the  e&line  and 
otlitT  binding  ingredients  of  sea-wntcr,  while  long  exjiodure  lo 
meteoric  influenves  has  in  a  great  measure  deprived  the  inland 
sandd  of  the^  constituents,  though  tliere  are  not  wanting 
examples  of  largo  accumiilatioiM  of  sand  far  from  the  sea,  and 
yet  ■g'^liitinati^  by  Ralino  material.  Hence,  aa  might  bo  ex* 
peeled,  inland  dunes,  when  not  confined  by  a  fixed  uucleHft,nre 
generally  more  movable  than  thoee  uf  the  i»>n£t,  and  the  funu 
of  each  dunes  ie  more  or  leas  mofiified  by  their  want  of  ctm- 
Biatencc.  Thiu,  Uie  crescent  or  falciform  8ha]>«  ia  described  by 
all  olHcrvore  as  more  constant  and  uon^picuous  in  thettc  Mind- 
litlls  than  in  thiitie  of  littoral  urigiii ;  they  tend  losg  to  unite  in 
omtinuoiiH  ridg^  and  they  rarely  attain  the  height  or  other  di- 
mensions of  the  dunes  of  the  ffea^horo. 

Meyer  Ue^crihea  the  sand-hills  of  tlio  Pcrnvian  desert  as 
perfectly  faleif(»nn  in  fchape  and  from  seven  to  fifteen  fool  high, 
the  chord  of  their  arc  measuring  fn)m  twenty  to  seventy  paces. 
The  slope  of  the  ofjuvex  fac^  is  doscrihed  aa  very  small,  that  of 
the  (wnca%e  a«  high  aa  70**  or  80°,  and  their  surfaces  wero 
ripple'l.  Xo  smaller  dunes  were  olM«r\'ed,  nor  any  in  tlie 
proue^  of  formation.    The  concave  side  uniformly  faced  the 


Colodd  EmoTj  MjB  tluit  os  on  "  examination  of  iH«  cud  with  ft  tnlorowopo 
ot  iufllcJcut  power,"  Lbo  irnins  mm  tota  to  bo  anyolar,  not  nnuulei]  I17  roUiag 
jn  wutxt. 

On  the  otber  luuwl,  BI«ko,  in  (J^ihffittU  Jtfport,  Pat^  Baitroad  Ap.,  itiL 
T,,  p.  lit',  nbMnres  that  the  gndns  of  the  dnne  Mnd,  eonslAing  of  qnuti, 
dulvodoor,  canicUan,  aflraU.  rose  qnartx,  and  probably  ahiywtHa,  wvro  tnncb 
Toondal;  and  on  pags  241,  he  m^M  ihot  jnnnj  ol  the  aand  grkitia  of  tlio 
Cotgtado  d«Mit  are  perfect  spberca. 

On  paipi  SO  of  a  report  in  vnl  II  of  the  I'arijh  RaOroud  flrj>»rt,  b,v  th«  utme 
obaamr,  ft  ia  nid  th&t  an  ozanii&atioa  of  done  mtdi  broogbt  from  the  Llano 
Eatacado  b;  Captain  Papo,  showed  Lba  graina  to  be  "nock  ronndod  hy 
attritfoa." 

The  iaada  dsBonbad  bj  Mr.  i'artyaod  Colotial  Cmoiy  aro  not  from  the  ume 
localitiee  Mtboie  examiued  by  Mr.  filake,  and  ihc  difl«reQ«e  In  tbeir  ohatastar 
laaj  tw  due  to  a  difTereoos  of  ohgin  or  of  age. 

In  Kow  Mexloo.  nxty  milea  aoath  of  Fort  Rtaciboa,  then  ani  inland  Annum 
oompoaad  ol   finaly  gnnalated  sypaoni,  -^Amtncmn    JfaturaUit^  Jan.   1971* 

p^  ees. 
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iiorth-wegt,  except  towards  the  ceutreuf  the  desert,  where,  for  a 
distance  uf  cue  or  two  liuiidi-csi  paces,  thev  graduallj'  ojMjned 
to  the  west,  oiid  tlien  o^ain  gmdaally  rcsuiuod  the  farmer 
p(»iLi<iii. 

IVcliiidi  obi^orved,  in  the  Raine  deeert,  two  Bpeciee  of  donea, 
fixed  and  movable,  and  he  a^ribes  a  falciform  filmpc  to  tfaa 
uiovalilcj  a  couitul  1*j  the  fixed  duues,  or  fmtdaiios.  *'  The  ine- 
daiiiM,''  be  ubsunca,  ''am  hillouk-like  eleratioiid  of  sand,  aome 
having  a  firm,  others  a  looi>e  base.  The  former  [lattor],  which 
are  always  cTcaeent-shaped,  are  fi-uni  ten  to  twenty-  feet  high, 
and  lutvu  an  acute  crest.  The  iiiiior  l^ide  i»  per]>endiciilar,  and 
the  outer  or  bow  side  fonns  au  angle  with  a  steep  jucliitatioa 
duwnwardii.*  AVlicn  driven  bv  violent  winds,  the  mediuios  pui 
]-]i]>id1j  over  tilt!  phiiiis.  Tlie  enmller  and  li;;hter  ouos  move 
qTiiukl3'fc)i'ward,befiiro  the  larger;  but  the  I&ttereooti  ovculake 
&nd  crush  them,  whiUt  they  are  thciiuelvee  shivered  hy  the 
coUifiiuu.  'I'hcsc  uieUnnus  assume  all  sorts  of  oxtra^irdinary 
figurert,  and  somctiir.ea  move  along  the  plain  in  rows  fomiing^ 
niu$t  intricAtc  iHbyrinllta.  ...  A  pluin  often  appears  to  he 
covered  with  a  ruw  uf  niodanoe,  and  6ome  days  afterwards  it  is 
again  restored  to  ita  level  and  uniform  aspect.     .     .     . 

"  The  inedams  with  Iinniovable  ba!*eo  are  fornioil  on  the 
blocks  of  rucks  which  arc  ecAttcred  abutit  tlie  plain.  The  sand 
is  driven  against  thorn  by  the  wind,  and  as  soon  i»  it  nrndwi 
tlie  top  point,  it  descends  on  the  <t|hcr  side  until  ihai  i?.  Ilkcwrtee 
covered;  thus  gradually  ariBCS  a  amlc-al-furnied  hill.+  Entire 
hillock  chains  with  acute  cresta  are  formed  in  a  similar  maoDer. 
.  .  .  On  their  southern  declivities  are  fonnd  vast  mihirfi 
of  sand,  drifted  thither  by  the  mid-day  gi^lc«.  The  nortbem 
declivity,  thongli  not  steeiH>r  titan  the  sttuthem,  is  itulj  sp«r- 


I 


• 


*  Th«  daii«i  of  tbo  plmuu  bMwMa  BoUaunt  isd  tb«  Oxna  warn  all 
■hiipeil,  Mnva  towMda  tbe  nortlt.  from  wbldi  the  inniUiig  wfad  Wowm.  Oa 
Uiia  mA»  Hamj  kr*  alopiQC.  fndde  prvcipltons,  and  ttrnxi  fifMwi  to  twtmltf  Hm 
blgb. — BrRKKB,  Jutinuitin  Bokhara,  il.,  pp.  1,  9. 

f  Tbo  anj-bllla  obiierT«d  by  t)«or  in  tl>«  JUtftrioo)  dcatri  w«n  ftzad,  d«^ 
log  tlteir  f (Win  obIj  od  Uw  nuf aoe  h  nad  na  btown  la  aod  fraa 
Sakara  undAtiu^  186},  p.  SL 
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ingly  TOvered  with  paiid.  If  a  liiUut-k  i-hain  somewhat  distant 
from  the  sea  cxtonxle  in  n  liiiQ  pai-uiUil  with  the  Audt^  nauicly, 
fmm  S.  S.  E.  to  N.  N.  W.,  die  westeru  declivity  ia  almost  en- 
tirely free  of  sand,  as  it  is  driven  to  tlio  ]»laiii  lu'low  by  the 
Boutb-oast  wiud,  wliicb  cuiistoiitly  altcrualca  witli  Llio  wiud  from 
tlie  aonlh."  * 

It  is  difficult  toroconcilo  this  doat'ription  with  that  of  Mt-ycn, 
but  if  confidence  is  to  be  reposed  in  the  accuracy  of  cither 
obwrviT,  the  fonnatioii  of  tlic  mnd-hilU  iu  question  iniitit  Ik) 
goveraed  by  very  different  la^v»  from  those  wliich  determine 
the  fitnietiire  uf  coast  dun(?s.  Captain  Gillis8,  of  tiie  American 
Ti&vy,  found  the  uindlnlls  of  the  PcrnTian  de»)rt  to  bo  in 
general  crcsccnt-shapc*),  aft  dcfiori)>ed  by  Meyen,  and  a  similar 
stnicturo  is  Raid  to  chanu!terixG  the  inland  dtiiies  of  the  Lluuo 
Estacado  and  oUicr  plateaus  of  iho  Nonh  Americun  deeert, 
thon^h  these  latter  are  of  ;(n;ater  bri_i;ht  nml  dIIilt  diniensions 
than  those  deserilied  by  Mcyen.  TUcro  is  no  very  obvious 
explaimtion  of  tbii?  differenec  in  form  Iietwuen  maritime  and 
inland  ^nnd-billi*,  and  the  finbject  tnertts  invt\«tit^tion.  It  is, 
however,  pn)hftble  that  tlie  i^reaX.  luubility  of  the  ilyinjf  dunes 
of  the  t'tM'nviati  desert  is  an  otYvct  of  their  drynesa,  mi  ruin 
falling;  in  that  de*icrt,  and  of  the  want  of  salt  or  other  binding 
material  to  hold  tltoir  jHutiulcsi  together. 

Jnlaml  Sand  Plains. 


Tito  inland  sand  pUina  of  Europe  are  cither  derivec]  from 
the  drifting  of  dnnes  or  other  tteach  eandit,  or  comist  of  dilu- 
vial dc[)06itB,  or  arc  ancient  WR-bedH  uplifted  by  pcr>Ioopcal 
BpheavaL  As  we  have  nccn,  when  niiee  (he  interior  of  a  dune 
is  laid  0[)en  to  tlio  wind,  its  contents  are  soon  Mratleretl  fur  attd 
wide  over  the  adjacent  countri.%  and  the  beach  sands,  no  lun-^cT 
checked  by  the  rampart  whicti  nature  bad  uonstmined  thi'm  to 
build  ii^raiust  their  own  oncniaelimenr«,  are  alno  twrried  to  con- 
slderublt'  diMances  from  the  coast.     Few  rcpons  have  suffered 

*  Tntd*  to  ^0%,  Sew  Tork,  ltH8,  oh«p.  ix. 
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SO  mnt-h  from  this  canRn,  m  proportion  to  their  extent,  ac  the 
peiiiiiaiila  of  Jutland.  Bu  long  ns  tbc  woods,  with  which  natnn 
hftd  pUntcd  tlic  Dauish  Junes,  wcro  spared,  they  eeem  to  ha\B 
been  filHTlmuirv,  and  wo  havo  no  liieloru-Al  evidtiiice,  of  an 
earlier  liato  tJinn  llie  sixteentli  ueiitnry,  that  tbey  had  become  id 
any  way  injurioua.  Fram  tliat  period  there  arc  fr&quent  noti- 
C08  of  tlie  invasions  of  cultivated  grounds  by  the  Bands;  and 
excjavtitioiis  are  eonBtantly  bringing  U)  light  proof  of  Iiunuui 
habitation  and  of  agrimiltural  itidiiAtry,  in  furmerages,  on  doiU 
now  bnried  beneath  deep  drifts  from  the  dunes  and  beatJies  uf 
the  8f3a>ast.* 

ExtL'iiBlve  tracts  of  valuable  plain  land  in  the  NethcrlaiuU 
and  in  FrancM;  have  been  covered  in  tbe  ftanio  way  with  a  layer 
of  Band  deep  enougli  to  render  tlieju  infertile,  and  they  can  be 
restored  to  cultivation  only  by  processes  analc^us  to  thuie 
einjtloyed  for  fixing  and  iin|in)ving  the  dunes-f  Diluvial  sand 
plains,  altK),  have  been  rLclainicd  by  tlicso  methods  in  tiie 
J)ucliy  of  AuBtriUf  between  Yienua  Olid  the  Soninieriiig  ritJge, 
in  Jntlfind,  and  in  iho  great  (:liain|ialgn  e*mntry  of  Northern 
Germany,  eppeeially  the  Jlai-k  Hrandenburg,  where  artificial 
fore)>t8  pan  be  propagated  with  groat  ease,  and  wliere,  utfUM- 
qnently,  this  braiicti  of  industry  lias  biH^n  pursued  onagrtat 
seale,  and  with  liighly  beneficial  i-esiiltt^,  botli  as  respects  the 
snpply  of  forest  products  and  the  preparation  uf  iho  stWI  for 
agricultural  use. 

As  lias  boon  already  obsorved,  inland  Bands  are  generally 
looser,  drj-er,  and  more  inclined  to  drift,  than  tbodo  of  the 
seacoast,  where  the  moist  and  saline  atmoepliere  of  the  oeean 
keeps  them  always  more  or  lesa  humid  and  cxJieeive,  The 
eands  of  the  valley  of  the  Lower  Euphrates — Chcmsclros 
pn/lmbly  of  fiubmarino  origin,  and  not  derived  from  duneft— 

•  For  (details,  consult  Andkksks,  Out  Klitfamatianfa,  pp.  823,  836. 

f  \l\ivn  i  ho  doimrit  is  not  verj-  deep,  and  the  adjaomt  laud  \j\a^  to  the  ba- 
wurd  of  the  pmrailin;;  ivui>ila  U  corered  vrtth  wikt«r,  or  otbnwise  wortUcHi, 
tlia  aariaoB  k  voniatimea  freed  front  tlie  drifU  bjr  rapoaied  harrowtn]^  wMdl 
looaaa  tlMiiaad,  ho  that  tb«  wlud  lah«»  it  ap  aad  tnuuipoitd  it  to  gtanatm 
wHent  V)oair~i»tioiui  of  •!  ar«  teas  injurioua. 


I 

i 
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are  nilvaiiping  to  the  nortJi-wcRt  witli  r  rapiditv  whicli  Beems 
iuhnloiia  ^hen  comparud  witli  the  Blow  movement  of  tJie  gaiid- 
htUs  of  Ga&conj  and  the  Low  Qerman  couta.  Loftua,  speak- 
ing of  Nilivva,  an  old  Arab  town  a  few  miles  east  of  the  ruins 
of  Dahr1un,&ayfl  tliat,  "  in  1S4^,  llic  sanil  began  to  at^cunitilate 
aroun<l  it,  and  iu  six  yeani,  tho  deeurt,  within  a  radius  of  six 
miles,  was  covered  with  little,  undulating  domes,  while  the  niina 
of  tho  city  were  80  bnried  that  it  is  uow  ii»j«»j>ible  to  trace 
Uieir  original  form  or  extent.'*  •  Lofttis  considers  this  eand- 
flixxl  as  the"vanguardof  those  vast  drifts  which  advancing  from 
the  6<'nth-«aat,  threaten  eventually  to  overwhelm  Babylon  and 
Baghdad." 

An  utmervalion  of  lAyard,  cited  by  Loftws,  appears  to  mo 
to  fiinuKh  a  {xissible  explanation  of  tins  irruption.  lie  "  {Mi»cd 
two  or  tliree  places  where  the  sand,  issning  from  tJie  cailh  lilce 
water,  is  called  '  Aioun-er-rumtnaV  sand  springs."  These 
"springs"  are  very  probably  merely  tho  drifting  of  sand  from 
the  ancient  subBoil,  where  tho  protecting  crust  of  aquatic  do- 
poeit  and  %'cgolable  earth  baa  been  broken  throng)),  aa  in  the 
case  of  tlio  drift  which  arOM  from  tlie  upturning  of  an  o«k 
mentioned  on  a  former  page.  When  the  valley  of  tiie  £n- 
phralcs  was  regularly  irrigated  and  cultivated,  the  uudorlying 
sands  were  bound  by  moisture,  alluvial  slime,  and  vegetation ; 
bat  now,  that  all  improventcnt  is  neglected,  and  tlie  surface,  no 
longer  watered,  has  become  parched,  powdery,  and  naked,  a 

*  TratdtandSmainAai  in  daUaa,  cli»r>  ix. 

Dwight  meatioDa  iTravtU,  toL  iU..  p.  101)  an  instanoo  of  gTMl  mbdilsf 
tnm  the  ilepunnriiir  of  the  bonoh  grwm  wlilcb  hiul  been  planted  on  n  nod 
plaiu  in  Cape  Cod  :  "  Hem,  about  oae  tboumad  sons  were  eaUnly  blown 
away  to  the  depth,  in  numj  places,  of  ten  fcefe,  ,  .  .  Not  a  sraen  thtng  was 
riailile  except  the  wbootlebeniee,  wbioh  tufted  a  few  lonely  hU]t>olu  liaiog  to 
the  baiffht  of  the  orisinnl  mrface  and  prevented  bj  thU  ditfenpe  from  bcinf 
Uown  «wm7  alao.  These,  althoo^  tli^jr  TBiied  the  pnwpeat.  adil«d  to  the 
Klootn  hy  their  Kmogiy  piotunaqae  ■ppeumee,  bjr  nurldnft  exaeti;  tlw)  origi- 
nal level  of  the  plain,  and  hj  showing  oi  is  this  manner  the  immcnnly  of 
the  man  which  had  been  thua  carried  awaj  by  the  wind.  The  b«ich  ifraw 
had  been  planted  hem,  and  th«  groaod  had  been  fomierlj'  euoloMd  ;  but  the 
gatea  had  baan  left  opan,  and  tiw  osMe  bad  d<etNi7«d  tbia  bivalnable  plant " 
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mere  accidontal  fiseMre  in  the  Bupcrficial  stratum  may  soon  be 
eiilui^d  to  a  wide  ojKtniiig,  that  will  let  lijoso  sand  anongh  to 
overwhelra  a  pi-oviiice. 


The  LandiB  of  Ga^wny, 


Tho  most  ronmi'kable  Aatid  pliiiii  nf  Fratiuo  lies  at  the  ftmtli- 
wofttern  extremity  of  tho  empii-e,  and  is  geiiurallr  kuown  86 
t]te  Laiides,  or  heatlLs,  uf  Guscony.  Clitv^  thus  dosRril>cs  it: 
*' Composed  uf  pure  bhikI,  ri>stlii<;  on  an  ira|>ernieable  sttmtom 
culk'd  alios^  the  e<.>il  uf  ihc  I-niides  was,  for  ceuturics,  ooo&id- 
ered  incnpahle  of  cultivatlniu*  Parehed  in  snininer,  (IruvDed 
in  winter,  it  produced  only  ferns,  ruehos,  and  Heath,  atul 
Bcarc'oly  fumistlmd  pafttnnif^o  for  a  fow  half-starved  flocke.  To 
crown  its  miseries,  this  plain  was  continually  threatened  hj 
tlio  enenjnclinK-ntB  of  tho  dunes,  Vaat  ride's  uf  sand,  thrown 
lip  by  the  waves,  for  a  distnntte  of  ninre  tlmn  iifty  leagues  akvi^ 
tlio  coattt,  and  coutiniDilly  renewed,  were  driven  inland  by  tlie 
west  wind,  and,  afi  tlit-y  i-ollod  over  tho  plain,  tliey  litiried  tlie 
soil  and  the  hnndets,  uvcn^amc  alt  rodistanco,  and  advanced 
witli  fearful  regularity.  The  whole  province  seemed  dev<»ted 
to  certain  destruction,  wh^n  Bnimontier  invented  his  inotliod 
of  iixing  the  dunea  hy  phmtutious  of  the  nuiritime  pino."f 

Although  the  Landes  had  been  ahnogt  abandoned  fin-  age^ 
thoy  show  nnmeroua  tra(«8  of  ancient  cultivation  and  |»n»- 
perity.  and  it  ia  principally  hy  means  of  tlie  eucroaclunonts  of 
tho  sands  that  they  liavc  become  reduced  to  their  present  deso- 
late coTidilion.  The  dtstrnction  of  tho  coast  t4'>wnsand  barbun, 
which  funnelled  inarkcls  for  llio  prodnute  of  tho  plainx,  (lie 
damming  up  of  the  rivers,  and  the  obstmcCion  of  tho  smaller 
clmnnela  of  natural  dniiua^  by  the  advance  of    the  dnun, 

*  The  alioa,  whicli  from  ita  color  and  oonauteuoa  was  aii|ip<Med  to  b*  ft 
femviuoux  fannataon,  iqjpMni  frmn  r«oeot  olaemtions  to  ooaUia  liul»  ina 
Onil  lo  owe  inoitt  of  iln  peculisi  [wcpcrtics  to  ngvtiibla  vknuDta  ouriw]  doVB 
iDlothv  aotl  hj  th«  i>«rco)ation  of  rain-water.  8e»  Betus  dm  BawtH  Pitritt 
lor  1870.  p.  SOI. 

•\  Atuila  Forettiira,  p.  330.    See,  tiiao,  BBCLca,  la  Turt^  i, !(»,  tOO^ 
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were  no  doubt  verj'  infliiential  canees;  and  if  wc  add  the  drift- 
ing of  tbesea-«aiid  over  the  soil,  we  have  nt  least  a  purlial  ex- 
plauntion  of  tlie  dc-'H^ed  agriL-iiltnreaml  diminifJied  jKiptilalkni 
of  this  great  wa'ite.  When  the  dunes  were  once  ftri-e«ted,  and 
tlie  aoil  to  the  east  of  them  waa  felt  to  be  secure  against  iiiva- 
eion  by  thcin,  cxpwrinients,  in  the  way  of  agrtcnltural  inippove- 
mcnt,  hy  drninuge  and  itUntatioti,  wore  couimenccd,  and  ihey 
have  been  attcndod  with  8ueli  signal  Buc-eees,  tliut  the  »iinpIote 
recovery  of  one  of  tlie  dreariest  and  most  extenaive  waetee  in 
Euntpe  may  be  considorcd  as  bulh  a  probable  and  a  near 
event.* 

In  the  northern  part  of  Bdgium,  and  extoiuling  a^^rosH  the 
confinee  of  Tlollanil,  ii*  atiothiM-  very  eiinilar  heath  plain,  rnlled 
the  Cumpine.  Thi^  is  n  vast  Aand  flat,  iiiteraperaed  with  marshea 
ami  inland  ditnea,  and,  nntil  rcttently,  eoueidorod  almost  wholly 
iiicaiyihle  of  cultivation.  Enormous  ainns  had  been  expended 
in  reclaiming  it  by  draining  and  other  familiar  agricnltuml  pi-o- 
ec!«ce,  but  without  resultfi  nt  nil  pr<»iKirllonal  U>  tin?  cajiital 

*  Lavkhonb,  Bootumid  titfttU  dt  En  PrawA,  p.  8O0.  estimale*  tba  ar««  of 
the  LutdoR  of  Qaaoonjr  at  700,000  lie«tareit,  or  about  1 ,7On,(X>0  ikcrua.  Th« 
sain«  Rotlior  BtiU«i  fp.  804).  that  wliea  the  Moon  wvre  drivea  from  Sitnin.  bj 
tlw  bUnd  capiditgr  and  bnitn)  Uibolenace  of  the  age,  tiiflf  demanded  p«rmi<doa 
te  MtabKah  Ui«nMlT««  in  this  de«w>rt ;  bat  political  and  nliiriotu  prejudioea 
prereDled  the  ^nutjn^  of  this  llbeny,  Al  UiU  period  tba  Moon  were  a  fat 
mon  oaltiinit«d  pMt]tlo  thiut  th«ix  Cbrinlina  )>eni«outon,  and  ttiej  had  carriad 
Baii7  Brts.  th&t  of  a^trnlture  aapedattj,  to  a  biffber  pitdb  than  anj  other 
BniapMa  tuition.  Hut  Franc*  was  not  wlw  «aotifffa  to  aooopc  what  Spain  bad 
eaat  ont,  awl  tha  Ijindca  ramainod  a  waato  for  thrva  Denturioa  loo^r. 

For  a  htdliant  aoemint  of  th«  Inpnxremcnt  of  tb«  Landos,  we  Edmocd 
About,  Ia  PfOffriM.  chap.  vii. 

Tha  foreit  of  Fontalnoblean.  vhtcih  oomtAtns  above  40,000  acm.  ta  not  a 
jjlnin,  bat  tta  aoil  ia  cotnpoMd  almort  wboUy  of  mud,  inttfCBpenad  irith  led|^ 
flfrock.  The  Muid  forma  nut  Inuiihnn  nlnn^-elKht  jter  cent,  of  tba  earth,  and, 
at  it  !•  almoat  without  walor.  it  would  be  a  diifting  doaitit  bat  foe  tha  aiti&otal 
prD|M]^tian  of  foreat  tTrF<i  upon  II 

The  Landea  of  Bolo|p:c  nnd  of  Drenno  on  lata  known  than  ttama  of  Gaa* 
oony,  booaoH  tbey  are  not  apon  the  old  fnat  linea  of  oommnnlaitloiL  Tbef 
once  compoaed  a  fonafe  of  1,300.000  acrea,  but  bjr  olaarin^  tba  wooda  ban 
nlapaed  into  thab-  primttlTa  oondttjon  of  a  barren  aand  waate.  Active  atforta 
are  sow  ia  pccgni  to  redalm  ihcm. 
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ittvetted.  In  1S49,  the  unimproved  portion  of  the  Campine 
-was  estimattxl  at  littlu  less  tlian  tliree  buudrcd  and  Jifty  tluta- 
Baud  avres.  Tha  example  uf  France  prumptcd  oxperiineiiU 
in  tlio  planting  of  trees,  cspoL-ially  the  maritime  pine,  upon 
tliifi  barren  waste,  and  tlie  results  have  now  been  simli  iis  to  sliow 
that  its  saiida  may  both  be  ILxed  and  made  productive,  not  only 
without  losa,  but  witli  positive  pecuniar}'  advantage.* 

There  uro  Btill  uiieubdimd  sand  wastes  in  many  parts  of  ID- 
terlor  KiuYtpe  nut  fariilHarly  know-ti  to  tonriets  oi*  even  gu> 
graphers.  "Olknez  and  Sehiowier  in  Poland  "saj-s  Xannifina, 
"  lie  iu  true  ^nd  deserts,  imd  a  bonndlesi^  plain  of  sand  etrutclitf 
aruiuid  Ozensloukan,  on  which  there  j^rtiws  neither  tree  nor 
slimli.  In  lieavy  winds,  this  philti  rcfietnblcs  a  rrdliMfj^  BOa,  aad 
tiic  sand-bills  tim  and  disap|>car  like  the  waves  of  tho  ocean. 
The  heaps  of  waste  from  the  Olkuez  mines  are  covered  with 
Band  to  the  depth  of  four  futhoins."  f  No  attempts  Imve  yet 
been  made  to  snlHlue  the  sands  of  Poland,  but  when  peace  and 
prosperity  Rhall  be  restored  to  that  nnliappy  eonatry,  there  u 
no  reasonalde  doubt  that  tho  mcastircs,  which  have  proved  ao 
eaccQsafal  on  similar  formationg  in  Gonnany  aiid  near  OdeGsa, 
may  be  employed  with  advauta^  in  the  Polidi  deserts.}: 

*  Eeow^tt  Burale  ds  la  BflffijM,  par  Eutu:  dk  Latelxkh,  JS^tm  da 
Dfxix  Mandt*,  Juin,  1801.  pp.  017-044.  Tha  qiuntitjrof  l&tul  atmamiij  f*- 
c1uin»l  on  the  Campine  u  ittat«(l  nt  About  4,000  acrea.  OmikU  fur  a««%atj<M 
and  UTi)(HUna  tutvo  been  oniuitiuDbeiJ  throo^b  the  Campioa,  And  tb  la  Miid  thai 
it*  l)arr«u  nody,  impcored  as  an  expeaM  of  ooe  bnodred  doUata  p«c  aes9t 
field,  fraiD  the  eaoand  J^oar,  a  rotam  of  twoD^-flra  doILin  to  (ba  aara. 

f  Gffsitati*,  U..  p.  1173. 

X  "  Sixt««D  7ean  ago."  bo^  an  Ode»a  Inndbolder,  "  I  attempted  la  fix  ibl 
MUid  of  tba  stappea,  which  oovent  tho  rock;  gratmd  to  Ibe  depth  of  a  foot, 
nnd  furmn  moring  billocka  niiii  cTery  change  of  wind.  I  tiied  «^ri  and 
pUiwi  in  vuiu ;  notliiug  wonUl  ^row  in  mch  a  boO.  At  Icn^li  I  planted  tht 
varmah  tree,  or  a^tnPiMt,  which  mooQedvd  completelj  in  biodinc  the  aaod^** 
This  reaalt  encoungcd  the  proprietor  to  extant  Ua  plantation*  t>T«r  botk 
dunea  And  aaod  stcppoa.  and  in  tha  ooana  of  rixtoan  jmn  tbia  t&ptdljr  grav- 
ing tree  bad  formed  renl  foreeta.  Otiier  lanilholden  have  lailatcd  bM  «fr 
ample  with  great  iidrautagei.—Elu«Tacn,  D<r  Wali,  pp.  44,  4B. 


I 


CilAFTER  VI. 

ORKAT     ruOJKCTB    Or   PUYSICAL    OHAHOB     AOCXOlTLtBllKP    OR     FSO- 
rOSIU)  BY  UAH, 


Oattiag  of  Iathmim»— Oanxl  of  Rnnx — Varltimn  GftnAUin  Ore^vyt —Canals  to 
Deftd  B«* — Caoal*  to  Lib^ui  Dewrt— MuUimv  CnnaU  in  Eui9p« — Cape 
Cod  Canal — Chan^rm  In  Cuplan— lHT«ni(in  of  die  Nile— niTnnrfoa  of  ths 
lUiina — ItaproTflmooU  io  JTorUi  AwHtican  H/drOBrapby— SoD  b«low 
Book— Covering  Kock  wiLli  Earth— Desert  Talleya—Meota  of  IDninif— 
DapoDchel'i  Plana  of  Improvement — Action  of  Uiua  on  the  Wonthor — 
Haaktapoe  lo  Great  Nataral  Foroea — Inddental  Effflcta  of  Uanian  Action 
— ^KoUibig  mnall  in  Nature. 


b(  a  fonner  chapter  I  spoico  of  the  inflncnce  of  human  ac- 
tion nn  the  surface  of  Uio  ^IoIms  as  immensely  onporior  in 
degreo  to  that  exerte*!  bv  brute  aniitiAlR,  if  not  eiweminHy  dif- 
fereDt  from  it  in  kind.  Tlie  eminent  Italian  goolofp^t,  Stnp- 
pani,  goes  further  than  I  hml  ventured  to  do,  and  treats  the 
action  of  man  as  a  nt^w  physical  clement  alt^ifjether  M"*  gnwrin. 
According  to  liim,  the  existenee  of  ninn  ciHtstittitee  a  ge'di^ral 
j»eri<>d  whifh  he  deeignates  as  the  antAr/tpost/h-'  trii.  "Tlio 
creation  of  man,"  eajs  he,  "  was  the  iutnxiiiction  of  a  new  ele- 
ment Into  nature,  of  a  force  vhollv  Dnknowii  to  enrlipr 
jierioda.*'  "  It  is  a  new  telhiric  foree  which  in  power  niid  nni- 
vereality  may  Ifo  compared  to  the  greater  furecs  of  the  earth."* 
It  has  already  been  ahnndantly  t^hown  that,  thongh  the  undo- 
eigiied  and  unforeseen  rcanlts  of  man*8  action  tin  the  geogra- 
phical  conditions  of  the  earth  have  perhaps  been  hitherto 
greater  and  more  revolutionary  than  the  effects  Bpoeinlly  aimed 
at  by  him,  yet  there  is  ficarcoly  any  sAstgnable  limit  to  hii 

■  iVw  di  OtclogSA,  MUaoo,  1878,  vol  a.  cap.  niL,  g  li»7. 
39 
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present  and  prospective  voluntary  controlling  power  orer 
reetriol  natnre. 


CuUiryj  of  Marine  ItUhmuaet, 

Besides  the  great  enterpri&oa  of  phygical  transformation 
wliicli  I  have  already  Bjmkcn,  other  works  of  internal  improre- 
mentor  change  havo  been  projected  in  ancient  and  modern 
tinioB,  the  executirtii  of  which  would  prodnce  conftidtsrahle,  and, 
in  some  ca&ca,  extremely  Jniponant,  revolutions  in  the  fm-e  of 
the  earth.  Some  of  tlic  seliemee  to  which  I  refer  are  evidently 
chicnerical ;  othere  ftro  difHciilt,  indeed,  hut  cannot  be  said  to 
he  iiripraulicrablu,  though  dtsconrujjed  hy  tlie  appreliension  of 
disastroiifi  consequences  from  the  disturbance  of  exi^in^  natn- 
nil  or  artificial  arranpenieiits ;  and  there  are  etill  olhera,  the 
ac-coiTip!i.shnient  of  v-hith  U  uhiinately  certain,  though  for 
present  forbidden  by  economical  considerations. 

Nature  aometiiiies  nnxrks  the  cunning  and  the  i^iwer  of  raffii 
by  6|)outaiieuusily  perfunnin^,  fnr  his  benefit,  works  which 
elmnks  from  undertaking,  and  the  execution  of  which  by  him 
ehc  would  resist  witli  uncon<[uerable  ol>stinacy.  A  dangemoi 
Band  bank,  that  all  the  enginery  <.f  the  world  oouhl  unt  dredge 
ont  in  a  p;nemtii.m,  may  he  carrieil  off  in  a  night  hy  a  etrong 
river-flo*Kl,or  by  a  current  iin[io)1ed  by  a  violent  wind  frt'iu  an 
iinuKnal  quarter,  and  a  passage  aeai-cely  navigable  by  fiahing- 
boata  may  bo  thus  ctmverted  into  a  comm*xlions  channel  for  the 
larget-t  ship  that  floats  u]«.>n  the  ocean.  In  the  remarkable  jjnlf 
of  Ltiiiifjfiril  ill  Jutland,  referred  to  in  the  preceding  chapter, 
nature  has  given  u  Bin;^iilar  example  of  a  canal  which  ihc  altef^ 
iiately  0|wn9  as  a  niaiinc  strait,  and,  by  shutting  again,  cymvcrts 
into  a  freeli-watcr  lagiwn.  The  Liinifjord  waa  doubtless  origi- 
nally an  tJiMJU  channel  from  the  Atlantic  to  the  Raltiu  l>etwe«i 
Irivo  islands,  but  flio  Rand  wflKhed  up  by  the  aea  bluiTkt*d  ijp  the 
western  entrance,  and  huilt  a  wall  of  dunes  to  clo»e  it  xwtrt 
firmly.  This  natural  dike,  as  we  have  seen,  has  been  m<.ipe  than 
once  broken  tlirongb,  and  it  is  perhaps  in  the  jwwer  of  man. 


the 

H 

n«r^H 

he  ■ 


OUTTINO    OF  MAKINB  ISTIIUD8E8. 


611 


eitlier  jwrmaneiitly  t<>  m&hitun  the  barrier,  or  to  remove  it  and 
keep  a  iiavi<rAlile  ehaiinel  oomttantly  ojica.  If  tlie  Liiinfjord 
bccotnes  ati  open  stmit,  the  wasliiiig  rif  soa-fiaiid  tiinuigh  it 
wonlj  perha^M  block  some  of  the  belu  and  small  channels 
now  important  for  the  navit^tiou  of  tlie  Italtie,  and  tlie  direct 
intnwlncticm  of  a  tidid  L-urrent  nii^ht  produce  very  perceptible 
effetrts  on  the  hydnijfraphv  of  the  Catregat. 

When  we  consider  the  number  of  narrow  nceka  or  iathmnaes 
vhich  fiojmratc  giilfii  and  bays  of  the  sea  from  each  <ither,  or 
from  the  main  ocean,  and  take  into  acocjunt  tlio  time  and  co«t, 
and  ritiks  of  nari^tion  whiclj  would  be  saved  by  executing 
dmnnels  to  connect  aueh  waters,  and  thus  avoiding  the  noee*- 
sily  of  doubling  long  capes  and  promontories,  or  even  ctmti- 
iKMiU,  it  seems  stmngc  that  more  of  the  enterprise  and  money 
whieh  have  Iteen  so  lavishly  expended  in  forming  artificial 
rivere  for  internal  navigation  should  not  have  been  bcst«we<! 
upon  the  con&tmction  of  maritime  cauaU.  Many  such  have 
l)eca  projected  in  early  and  in  recent  ages,  and  some  tri6ing 
cuts  betwwn  nmriue  waters  had  been  actually  made ;  but  l>cforB 
tlie  C4inslriiclioii  of  Oic  Suez  Canul,  no  work  of  tliis  sort,  ]iih> 
se«siiig  real  geograptiit^al  or  even  ooiniuen'ial  importance,  bad 
been  offe<^ted. 

These  enterprises  are  attended  with  ditHculties  and  open  to 
objections  which  are  not,  at  first  sight,  obvious.  Nature  guards 
well  the  chains  by  which  she  connects  promontories  with  main- 
lands, and  binila  continents  togetlicr.  Isthmuses  are  nsinvlly 
com^Hised  of  adamantine  rm^k  or  of  shifting  sands — the  latter 
being  much  the  more  refractory  material  to  deal  witli.  In  all 
such  works  there  is  a  necessity  for  deep  excavation  below  low- 
WHter  mark — al  why  it  a  matter  of  great  difliculty;  tlie  dimen- 
sions of  channels  for  eca-gr^ing  ships  muDt  l>e  much  grc-ater 
than  tluise  of  canals  of  inland  navi^ntion  ;  (he  hei<>ht  of  the 
masts  or  smokepi^ies  of  that  daas  of  vessels  wonld  often  ren- 
der bridging  itn|M)«4iible,  and  thns  a  sbip-<-an:d  might  olistrnct  a 
communication  more  imp<jrtant  than  that  which  it  was  intended 
to  promote ;  the  securing  of  the  entrances  of  marine  canals 
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And  the  constroction  of  porte  at  thoir  termini  woald  in  gonen] 
be  difliuult  and  oxpenmve,  and  the  harboi-s  and  the  t.>iuuiDe] 
which  connected  them  would  be  cstreracly  liable  to  fill  np  bjr 
depDsita  washed  in  from  ^ea  and  shore.  Besides  all  tliift  there 
is,  in  many  eases,  an  alartiiiii^  nnci^rtaiiity  a»  to  tbe  effects  of 
joining  together  waters  whieh  nature  has  put  asunder.  A  new 
clianiiel  may  dclle^^t  strung  currents  from  safe  course^  aud  thus 
oceaaion  deatmctive  oroeion  of  shores  otlierwise  seenre,  or  pro 
luote  the  transportation  of  mnd  or  slime  to  block  ap  iiitportaot 
liarbors,  or  it  may  fnrrti&li  a  powerful  enemy  with  daugocoyi 
fauilitioa  for  hoetile  operations  along  the  coast. 

The  ni06t  oolo««tal  pi-ojeet  of  canalization  ever  angj^estedf 
whether  we  consider  the  phyBieal  difficultiee  of  ite  exoentjoo, 
the  magnitude  and  importance  of  the  waters  propoMd  to  b« 
luiitcd,  or  the  dieUmcc  whiuh  would  be  saved  in  navigation^  it 
tliat  of  a  channel  beCwccD  the  Gulf  of  Mexico  and  the  Pacifie, 
aeroDtt  the  Ifillinnit^  of  Darieii.  I  do  not  now  epeuk  of  a  lock- 
eanal^  by  way  of  the  Lake  of  Nicaragua  or  any  other  ront 
for  6neh  a  work  would  not  differ  cfifiontially  from  other  can 
and  wonld  Bcarcely  possnas  a  get^raphical  chai-acter — but  of 
open  cnt  between  the  two  seas.  The  late  survey  hy  Captain 
Selfrid^e,  fihowing  tlmt  tho  lowoiit  jwhit  on  the  dividing  ridge  k 
763  feet  above  the  eea-level,  must  be  considered  as  dotcrmioing 
in  the  negative  the  qneetion  of  the  poggibility  of  Mich  a  cat,  by 
any  meanA  now  at  tlia  control  of  man  ;  and  both  tlie  saiigatM 
expectAtions  of  bcnofitA,  and  tlie  dreary  Bti^estions  of  danger. 
horn  t))c  realization  of  thia  great  dream,  may  now  be  diitmt 
aa  e(|ually  chimeritaL 
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Suttt  Canal. 

Tlie  cutting  of  the  lathmtis  of  Snoz — the  grandest  and  nnM 
trnly  cosmojjolite  physical  impr_)veraent  ever  undertaken  br 
man — threatona  none  of  these  dangcra,  and  its  only  imnicdiatt 
gongraphical  effect  will  probably  be  that  interchange  bctwen 
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the  aquatic  aniraal  and  vegetable  life  of  two  seas  and  two  zones 
to  which  I  alludod  iu  a  former  chapter,* 

A  collatoral  featnro  of  lliis  gi'cat  enterprise  dceorvQft  notice  aa 
piiflBefifiing  IK)  intviiii^iileralile  geographii^ul  ini|Kirtant:e.  I  i«fcr 
to  the  conduit  ur  condnlta  oonstnictud  fi-uin  thu  Nilu  to  thu 
iethintu,  primarily  to  enpply  fre&h  water  to  tlie  laborers  on  the 
great  uinal,  and  ulliiimtuly  to  serve  as  uquudnt't*  for  the  city 
uf  Suez  and  other  towns  on  tho  lino  of  tho  raiial,  and  fur  tlm 
irrigation  and  rcclauiatiun  of  a  lai^  extent  of  desert  &uU.  In 
tho  flutirieiiing  day£  of  tho  K^'^yptian  empire,  tlie  waters  of  the 
Nile  were  c-arriod  over  inqxirtant  diti.tri<!td  tiast  of  the  river,  hi 
lator  agei,  most  of  this  territory  relapsed  into  a  dcacrt,  from 
the  decay  of  the  cflriiilt*  which  once  fertilized  it.  Tliero  i*  no 
difliculty  in  restoring  tlio  uncient  channclii,  or  in  cifiitttrncting 
new,  and  thus  watering  not  only  all  the  soil  that  the  wi«dom 
of  the  I'haraolis  had  improved,  but  much  atlditional  Land. 
liundreiis  of  tiqnare  miles  of  arid  Mind  wa.-ilo  wuuld  tjiiis  he 
couvertod  into  fields  of  peremiial  xerdiire,  and  the  geography 
of  Ijowor  EgT.pt  wonid  ho  thereby  sensihly  changed.  Con- 
Rideraldo  towns  arc  growing  np  at  tntrh  ondn  of  tho  channel, 
and  at  intermediate  points,  all  depending  on  the  maintenance 
of  upicducts  from  the  Nile,  l»oth  for  water  and  fi'rtlie  irrigatioc 
of  the  iiotghlxiring  tiehln  which  are  t<i  iinpply  tlieui  with  bread. 
Im[Ntrtant  interests  will  thus  bo  ereJktiHl,  wlilch  will  Hcuiira  thu 
pcrmanonco  of  the  hydraulic  worlu  and  of  tho  geographical 
changes  produced  by  them,  and  Suez,  or  Von  Said,or  Umaihch, 
may  become  the  capital  of  the  govurumeut  which  has  boeu  lo 
long  eatablibhed  at  C«iru. 


Maritime  Canals  in  Grteos. 


A  maritime  canal  executed  and  anothor  projected  In  ancient 
times,  the  Utter  of  which  is  again  beginning  to  cximIo  attention, 

*  AoGordtnit  to  ui  utid«  bjr  AeobtiMMi,  In  P«Umuui&'a  JtilUtAtunffaL,  vol. 
crii..  p.  S47,  Uic  mi»-f[nn  Bona  of  bb«  oppodU  lidM  of  the  lathoiuKof  Bon 
•r*  ■•  dilFcroat  m  poeuble.     It  does  oot  Rfipoac  whether  thaj  hmro  yttl  in- 
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deserve  some  notice,  though  tlicir  importance  is  of  a  con^ 
in(MT-ial  rather  than  a  j;eo<franhii:al  eliaravtor.  The  fireC  ol 
rficse  19  the  cut  made  hy  Xerst*  thnmgh  the  ruck  whick 
(Hiunouta  the  promontory  of  Mniint  Athos  vUli  the  inatiiUnd; 
tlio  other,  a  nftvigahlo  canal  thronph  the  Isthmug  of  CVd-intk 
h\  fipite  of  the  teatiuionv  of  HerodutuB  and  ThucTdiden^  the 
Romans  classed  the  canal  of  Xeries  amon^r  the  fables  of  "  men- 
daitiouA  Greec-e,"  and  vet  traces  of  it  arc  perfectly  distinct  at 
the  present  day  tliroiigh  i!«  whole  extent,  oxuept  at  a  idugle 
point  where,  after  it  had  become  m  ohoked  as  to  bo  no  Kid^ 
navi^hle,  it  was  prohably  filletl  up  to  facilitate  ctiitunnntca- 
tion  by  laud  between  the  promontory  and  the  country  iu  the 
rear  of  it. 

Tlic  emjiemr  Nero  commenced  tlie  const nictioii  of  a  canal 
acre *w  the  Isthmns  of  (^^rinth,  solely  to  facilitate  the  import*- 
tion  of  grain  fr<im  the  Kaat  for  distribntion  among  tho  citizem 
of  Borne — for  the  enconragenicut  of  funeral  coinnierce  wait  iiu 
part  of  the  policy  either  of  the  repubhc  or  the  empire,  aod 
though  the  avidity  of  traders,  chiefly  foreigners,  secured  tu  the 
Inxiiry  of  the  iinjiej-iat  city  an  abundant  6iip2)ly  of  fnr-futchctl 
wareH,  jet  I(onie  had  notliing  to  ex])ort  in  ratom.  The  line ' 
Nero's  excavations  is  still  tnueable  f»)r  three-^aarlera  of  a 
or  more  than  a  tifth  of  the  total  distance  l>otween  gulf  imd  gul 

If  the  fancy  kingdom  of  Greet-c  lUiall  ever  become  a  aol 
reality,  estmiie  from  its  tutelage  and  nc<(uire  snch  a  iriond 
well  as  pnlitieal  status  that  its  own  ciij)tta1iitt»-^who  iiowpre-' 
fer  ki  e!4tab1i«h  theinselvce  and  employ  tlwir  fnitds  anywhei* 
else  rather  titan  in  their  native  land — ^bave  any  contldeuoQ  is 
the  permanency  of  its  institutions,  a  navigable  cbaunel  way  ba 
opentnl  between  the  gulfs  of  Lepanto  and  /Egina.  The  anDOX- 
atiim  of  the  Ionian  lt<lands  to  Ctreece  will  make  ftuuli  a  wtwt 
almost  a  [K>litical  necet^ity,  and  it  would  not  onlv  furuiA 
valuable  facilities  for  domestic  intereoune,  hut  become  an  im- 
portant channel  of  eomiuunication  between  the  T^evHitt  and  tha 
cuuntrics  bordering  on  the  Adriatic,  or  conducting  thoir 
through  tliat  sea. 
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Sh'irt  a*t  ia  the  diBtniK^  the  work  would  he  a  eomewhat  for- 
initlalile  iiiidertakitig,  fur  tlie  lowest  ]>oint  of  tlie  euminit  rulge 
of  the  isthmtift  is  Btatitd  t4>  he  246  feet  tUmve  the  WAter,  and 
consequently  tlie  depth  of  excavation  uiitst  bo  not  Icea  than  275 
feet. 

As  I  have  said«  the  impnrtanee  of  thlR  latter  canal  and  of  a 
UB^gahle  ebaiiiiel  hetween  Mount  Ath(«  and  the  continent 
would  be  chiefly  commercial,  but  both  of  them  would  bo  con- 
spicuoua  iastances  of  the  contixtl  of  man  orcr  nature  in  a  iield 
where  he  ha«  thna  far  done  little  to  interfere  with  her  sjioiita- 
ueoiis  arraug(fim?iita.  If  they  wore  (ionstrnulod  nyton  euch  a 
•calo  aato  admit  of  tlio  free  pas^a^e  of  the  water  through  them, 
in  either  direction,  tm  the  prevailiiii;  winds  shonhl  iinjwl  it, 
they  would  exercise  a  certain  iiitlnenco  on  the  ooa»t  etiri*ont»s 
which  are  im]>ortaut  as  hydro^^raphical  olemonts,  and  also  as 
producing  abrasion  of  the  cuoitt  and  a  drift  at  the  lH>ltoni  of 
seas,  and  hen(*e  lliey  would  be  entitled  to  rank  higher  tliaii 
simply  a8  artificial  means  of  tnuisiL 

It  haa  l>een  thought  pra<sti<^rablo  to  cut  a  canal  across  the 
peniuBula  of  Galli|»oli  from  the  outlet  of  the  Sea  of  Marmora 
into  the  Gnlf  of  8aros.  It  may  be  doubted  wliether  the  mo- 
rhanii-al  difficnlticnof  su<'h  a  work  would  not  be  found  insn- 
pernhle  ;  hut  when  Ontfctantjjiople  shall  recover  the  iuijM^rtant 
jMflitieal  and  commercial  rank  wliicb  naturally  holonga  to  her, 
the  execution  of  such  a  cnual  will  be  recommended  by  strong 
reasons  of  military  e\|>eOiency, as  well  a^  by  tlie  intorcets  of 
trade.  An  open  cbannol  acru«s  the  pcninHiila  would  divert  a 
portion  of  the  water  which  now  flows  thronj;h  the  Darda- 
nelles, diminishing  llic  rapidity  nf  that  piiwerfid  current,  and 
thus  in  part  remove  the  difficnities  wbicii  ohstrnct  the  navigH- 
tion  of  the  strait.  It  would  considerably  ahrid^  the  distance 
by  water  between  O^nstantinople  and  the  northern  coast  of 
the  yKgean,  and  it  would  have  the  itn[x>rtniit  advantii^  of 
obliging  an  enciuy  to  maintain  two  hhickadiug  fleets  instead 
of  ona 
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Canals  communicating  imth  Dead  Sea. 

The  prtiject  of  Captain  Allen  for  ojiontJig  a  now  roate  to 
India  hy  ciitfi  betwocn  the  Moilitornumaii  and  tlie  Dead  Se«, 
and  between  tlio  Dead  St^  and  the  Ited  Bea,  preeeiitA  many 
iiitcrestiiiK  considerations.*  The  hvpsometrital  obeeri'aticfos  of 
Rertuii,  lUttli,  and  others,  render  it  highly  probable,  if  notcer- 
Tani,  that  tlie  watershed  in  tlie  Wadi-el-Araba  between  the 
Dead  Sea  and  the  K«d  Sea  is  not  leea  thnii  three  hundred 
f eet  al>ove  the  main  level  of  the  latter,  and  if  this  la  gii.  th« 
exet^ution  of  a  canal  from  the  one  een  to  the  oilier  is  qnite  oat 
(if  the  question.  Bnt  the  t^unniiit  level  hctu-cen  the  Mediter- 
ranean and  tho  Jordan,  tiear  Jcxreol,  \'a  heliovcd  l<>  1h3  little,  if 
at  ail,  mom  thuii  one  ]iiindri?d  foot  above  the  nca,  and  the  dii^ 
taiiee  is  so  Bhort  that  the  cutting  of  a  channel  thrrmgli  the 
dividing  ridge  would  prob&Idv  be  foniid  bv  no  nieaaa  au  Im- 
practicable undertaking.  AltlioiiH^h,  therefore,  ive  have  no 
reason  to  believe  it  po««iblo  to  open  a  navi_c;ahlc  rhannel  to 
India  by  way  of  tlio  Dead  Sea,  there  is  not  nnmh  doubt  that  tba 
basin  of  tlie  latter  might  be  made  accessible  from  the  Jledi' 
tcrranean. 

The  level  of  the  Bead  Sea  lies  1,316.7  feet  below  chat  of 
tlie  ocean.  It  is  tniunded  east  and  west  bj  mountain  ridgvs, 
rising  to  the  liei^jht  of  fritrn  2,000  to  4,000  feet  above  tbo 
ocean.  Frnm  its  soutliem  end,  a  depression  called  the  Waiii- 
el-Araba  extend:)  to  the  Gulf  of  Akaba,  the  eastern  arm  of  the 
Red  Sea.  The  Jordmi  empties  into  the  northern  cxtrcinitr  of 
the  Dead  Sea,  after  hsivinj^  pmwed  ihronj^h  the  Lake  of  Tibe- 
rias at  an  elevation  of  6C3.4  feet  above  the  Dead  Sea,  or  653.3 
below  the  Mediteri-anoan,and  drains  a  considerable  Taller  north 
of  tlie  lake,  as  well  as  tho  plain  of  Jericho,  which  Hob  between 
tltc  lake  and  the  sea.  If  the  waters  of  the  McditcmneftQ  were 
admitted  freely  into  tlie  basin  of  the  Dead  Sea,  ther  wooU 
raise  its  surface  to  tin*  general  level  of  the   chwbu,  and  ooi^ 

*  Tk4  Ikad  Sea  a  n«v  Anif«  to  India.    2  vola  12mo,  Loadoo,  1801^ 
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raqitendy  flood  all  the  dry  land  below  Uiat  level  within  the 
basin. 

I  do  not  Vnow  timt  aec'unttc  Icvcle  have  been  taken  in  the 
valley  of  the  Jurdait  alcove  the  Jjikc  of  Til>ona«,  and  our  iufnr- 
niarion  is  very  vaytie  ur  Io  tlw  hyjwoinetry  nf  the  northern 
jjart  of  tl»e  Wadi-el-Araba.  Aa  little  do  we  know  where  a 
wmtonr  line,  carried  around  the  basin  at  the  level  of  the  Medi- 
terranean, wniil J  strike  itfl  eastom  and  western  bordent.  We  ran- 
iiot,  therefore,  accurately  eompntc  the  extent  of  now  dry  land 
which  wonld  be  covered  by  the  admittfiion  of  the  walew  of  the 
iMedlterranean,  or  (he  an>a  oi  the  inland  «>h  whivb  xvoutd  be 
thus  created,  lis  length,  however,  wonld  ceitaiiily  exi^eed  one 
hundred  and  fifty  miles,  and  its  mean  broiultli,  inchidtn^  its 
guUa  and  bays,  could  Bcarcely  be  leu  than  tiftwii,  j>erhapa 
even  twenty.  It  would  cover  very  little  f^ronml  now  occnpied 
by  civillzi'd  or  even  uueivilized  nmn,  though  wtme  t*f  the  soil 
which  wonld  bo  Bubracrged — for  instance,  that  watered  by  tho 
Kontitain  of  Kliaha  and  other  riei»htioring  iMmr<n»— is  of  great 
fertility,  and,  under  a  wiser  government  and  bt^ttcr  tivil  insti- 
tuti<i]i(i,  might  rise  to  im|>4irtau(!e,  lMn>au»e,  fn>m  its  <lc}trci»iou« 
it]v>tiw^e«  a  very  warm  climate,  and  uii;;lit  ftupply  Houth-east- 
ent  Eun)pe  with  tnipical  pRiducts  more  i-eadily  than  they  can 
l>e  obtained  fmrn  any  other  fioun-e.  SiiL-h  a  caniil  and  sea 
wonld  be  of  no  present  commercial  imjtortance,  Ikwaiuw  they 
would  ^ive  acce£H  to  no  new  markot>t  or  eoarcos  of  supply; 
but  when  the  fertile  valto\-»  and  tlie  deaertod  plains  cttet  of 
the  Jordan  tihall  be  reclaimed  to  agriculture  and  cirilization, 
these  waters  would  fnrnihh  a  channel  <if  ciMiiriiiiiiimiion  which 
mi^ht  become  the  medium  of  b  very  exteuF>ivo  trade. 

Whatever  might  bo  the  economical  reault«  of  the  oi>oning 
and  tilling  of  the  Dead  Sea  Imuiii,  the  creation  of  a  new  cvap> 
orablo  a«!a,  a»ldinp  not  less  tlwu  2, WO  or  perhaps  3,000 
fiquare  nailcs  to  the  pre*>ent  fluid  surface  of  Syria,  could  not 
fail  to  prodn<-e  imj>ortaiit  metoorolojjiml  offeebi.  The  climate 
of  Syria  would  pnibably  bo  temporcil,  its  precipitation  and 
its  fertility  increased,  llie  connea  of  its  winds  and  tho  oloe- 
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trioal  condition  of  its  utmoepltere  modified.  The  present 
organic  life  of  tlio  valley  would  be  cxtinguisbed,  and  nuui^ 
ti-ibeB  of  plniits  and  iinitniik  would  ctniirrato  from  tlie  Medi- 
tormncaii  to  tliu  new  huinti  which  Imiiian  art  liad  prepnrfd 
for  them.  It  is  possible,  too,  that  the  addition  of  1,300  feet, 
or  forty  Jitinoepheres,  of  hydrostatic  pressure  upon  the  lx>ttoni 
of  tliu  basin  mi^ht  disturb  the  emulibriiim  between  the  iuter- 
nal  and  the  cxtcnial  forces  of  the  unist  of  the  earth  at  this 
point  of  abnormal  eonfrguratiun,  and  thns  prodnco  geulogieal 
con\"uUiona  tlie  intensity  of  which  cannot  be  even  conjeutiirad. 
It  is  now  cstabliahed  by  the  observations  of  I&>blf  atid  otlien 
that  Strabo  was  ri^ht  in  as^'i'tiiii;  that  a  considerable  part  of 
the  Libyan  dcsert^or  Sahara,  lay  IxjIuw  tlie  le%'el  of  tlie  Ifedi* 
terraiienn.  At  some  points  the  depression  exceeds  335  feet, 
and  at  Slwah,  in  the  oasis  of  Jupiter  Aiuniun,  it  U  not  \em 
than  130  feet.  It  has  been  pmpue&d  to  cut  a  canal  tbroiigfa 
the  coast  dunce,  on  the  shore  south  of  the  Syrtis  Major,  or 
Dschnn  el  Kcbrit  of  the  Arabs,  and  another  pn.»ject  is  to  re- 
open the  coiiiininiicaliuu  which  appears  to  have  unce  existed 
1>otwoen  the  Palus  Tritonis,  or  Subuha  el  Niuidid»  and  the 
Syrtis  Farva.  A&  wo  do  not  know  the  eonthct-n  or  caMeru 
limits  of  this  depression,  wo  cannot  determine  the  area  whiuh 
woTiId  thus  be  covered  wiili  water,  bnt  it  would  certainly  be 
many  thousands  of  atpmre  miles  in  extent,  and  the  eliinalic 
cfFcctH  would  (lonbtlcse  bo  eonftlblu  throiit^h  a  eon&iderable  [lart 
of  Northem  Africa,  and  piw^iblv  oven  in  Kurope,  The  rapid 
eva]K>rati<>n  would  requii-e  a  constant  inliux  of  wat^r  fnitn 
the  Mediterranean,  wliich  mi<;bt  pcrha])6  perceptibly  iuduenco 
the  cui'reiit  through  the  Straits  of  Gibraltar. 


MarUune  Canals  in  Europe. 

A  great  navigable  cut  across  the  peninsula  of  Jutland,  fbrm- 
va^  B  now  and  short  route  between  the  North  Sea  and  the 
Baltic,  if  not  actually  commenced,  is  determined  t)pi>n.  The 
motives  fur  opening  such  a  eommunieation  are  perhaps  rather  to 
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he  found  in  political  than  in  get^n^phical  or  oven  oomincrcial 
ootiftiderations,  bat  it  will  uot  be  without  an  iiiiportntit  boar- 
injj;uti  tlio  material  iiitorcMtsof  all  tho  countries  to  whuae  peoples 
it  will  fiinii^h  new  farilttlcd  fur  cunniinnication  and  traffic. 

The  Nui-rli  IIuHhIiiI  franul  belwuen  the  Holder  and  the  port 
of  Ani&tei-dam,  a  dihtanro  of  tifty  miles,  execnted  a  few  years 
Bince  at  a  uotit  of  $5,000,000,  and  with  dimensions  admitting 
the  pas&ago  of  a  frigate,  was  a  magniticent  enterprise,  but  !t  is 
thrown  quite  into  the  shade  by  tlie  shorter  uhanncl  now  in  pro- 
cess of  conRtrnetion  for  bringing  tliat  important  city  into  al- 
most direct  coinn»unit«ttoii  with  the  North  Sea,  and  thus  re- 
storing to  it  sometliing  at  least  of  its  ancient  commercial  im- 
portance. The  work  involves  some  of  the  heaviest  hydraulio 
operations  yet  undertaken,  including  tho  oonstrnctinii  of  great 
dains,  locks,  dikeA,  onibankinentd,  and  the  execution  of  drain- 
ing works  and  deep  cuttings  under  circumstances  of  extremo 
ditlicuhy.  In  the  cuut-se  of  the.se  InhnrB  mjiny  novel  pmbloms 
have  presented  themselves  f<>r  pi'a4!ticAl  SdluHon  by  tho  ingo- 
nnity  of  modoni  cngineei'S,  and  the  new  inventlonH  and  pro- 
cesses thus  necessitated  are  valuable  coiitributiona  to  our  nicaus 
of  physical  improvement. 


Cape  Cod  Canal, 

Ttie  opBning  of  a  navigable  cut  thrt)ugh  the  narrow  neok 
which  separates  the  southern  part  nf  Capo  OkI  Bay  iti  Masaa- 
chit^otta  from  the  Atlantic,  was  hing  ago  suggeetod,  and  tboro 
are  few  vo/oaI  iiiiprovomcnts  on  the  Atliuitic  slioros  of  tho  tTn!k>(l 
States  which  are  rcornnmendod  by  higher  oonsideralions  of 
utility.  It  would  save  the  most  imjmrtant  coasting  trada  of 
the  United  Slates  the  long  and  dangerous  navigation  aronnd 
Cape  Cod,  afTurd  a  now  and  safer  entrance  to  Boston  harlwr 
for  veasc'ls  from  Soutlieni  ports,  secure  a  choice  of  pasaogMi 
tlui^  permitting  arrivals  upon  The  coast  and  departnrDa  from  it 
at  i>erioda  when  wind  and  weather  might  otherwise  prevent 
them,  and  funiisb  a  moat  valuable  inlcmal  commuaication  in 
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caae  of  coast  blockade  by  a  foreign  power.  The  difHcnltiee  of 
the  undortaking  arc  no  doubt  formidable,  bat  the  expense  at 
inaititmmiH-o  and  tbe  mii.'i'rtaiiity  of  the  effects  of  currents  se^ 
ting  throngh  the  new  stmit  are  etill  more  Boriom  objcctioua.* 

CAajiffes  in  the  Caxpian. 

The  Russian  Guvonimeut  liiui  contemplated  the  establi^ 
meiiC  of  a  iicarl,)'  dirot^t  water  u<nuinuiiicatio!i  between  the  Cas- 
pian Sea  and  Uie  Sea  of  ^Vzoflf,  partly  by  natural  aiid  partly  bjr 
artificial  cliaiitiels,  and  there  are  now  navigable  canaU  lietweea 

*  The  op4>iiing  of  a  cli!uui«l  itcron  Ckpe  Ci^i]  n-oiiI<I  hAv«.  Uion^  perhapd  to 
a  amaller  extent,  thia  tama  clTects  in  mtumliiuiginff  tbe  mniinml  life  of  tbm 
K»uth«m  auil  tiortli«m  sborea  of  the  isttunuj!.  &s  iii  the  caae  of  the  Saei  Cnnal ; 
fur  allhuujjh  lbs  tntiiulUi  uf  Ospc  Coil  iluoii  nut  a,ayvt\ievo  exceed  twmty  milei, 
ud  U  in  tonio  pluics  r«iluc«d  lo  cne,  It  appears  from  th«  oflofal  r«porte  on 
Nntural  Histary  of  HnaasdinBctto,  that  tbe  popnUtion  of  the  oppodto  vaten' 
diff«M  wid»ljr  in  species. 

Not  bBTitijp  tbo  vriginat  docunmoU  at  h&nd.  I  quote  wa  extnict  tntm  tli« 
Jtq»r(  on  thu  InctrUhraU  Atiimnln  of  M-i»».,  jfiioB  l»y  Thoreau,  EtvurmmJi,  ft, 
60:  "Tb«  difltribiition  of  tbo  niarine  sbulla  is  well  worthj  of  notfoe  M 
g«ological  fact.  Capo  Cod.  tJie  right  Ann  of  tlie  Comfnonwealtb.  iWkohe*  i 
into  tbo  ocoon  some  fifty  or  Etxty  niUra.  It  is  novhoro  many  milee  wide  ;  farQf 
thin  uarrow  point  of  land  bAs  bitherto  prored  a  barrier  to  tb«  niiffratinn  at 
many  Bpecjoa  of  moUusca.  Sflveral  gnncra  and  natnomas  spcutn.  which  ar« 
MporaU^d  by  tbe  intervcntioD  of  only  a  few  milM  of  land,  arc  effcctanliy  prs- 
vanted  fram  ming'llnf;  by  tbo  Cape,  and  do  not  paai  from  one  aide  to  the  other. 
,  ...  Of  tbe  one  hoodrcd  and  ninctT-soren  marine  specie*,  eif  btr-Cbn«  d» 
not  paas  to  tbe  aoutb  Hburo,  tani  iifty  are  nut  found  on  tbe  north  abare  of  tb«J 
Cape." 

Probably  tlie  diatribntioD  of  the  specioa  of  mollnaka  ia  alTootcd  by  imlnMivn 
local  condition*,  and  tb'itvfore  an  op<m  cnnal  acrnM  the  C*pe  mipht  not  nt»k#  \ 
ev^rf  Bpecioa  that  inbabita  tbe  wat«lB  on  one  aide  eomniaa  to  these  of  thftd 
otlier ;  but  ibfre  cmn  be  no  doubt  tbat  there  would  be  a  coosidcrBhle  m%mtiaaj 
in  both  directions. 

The  fact  ntated  in  tbe  report  may  ii«BpMt  an  {important  cantion  !n  drawfaf ' 
conduiiana  upon  the  relative  tt\(o  of  furmatiann  from  the  chatactor  of  tbefa'j 
fb«iibi.     Had  a  geoloffioAl  inoveineot  or  raoveueDta  nphcared  to  djffemt  U 
the  boitonu  of  waten  thua  separated  by  a  oarrow  uthmos.  and  dialooUed  lfc« 
oocaectioii  bctwetrn  tbo««  bottooit,  natiirati«ta,  in  aft«r  a^ji,  rttaaooiog  fmn 
the  vliaracter  of  tbe  fossil  faunaa,  mi);bt  have  aesigiied  theio  to  differcott  an4 
perhap"  Tery  widely  di*tant,  period*. 
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the  Don  ami  the  Volga ;  but  thew  work«,  thongh  not  wantinjf 
in  commercial  and  political  interest,  do  not  poBWM  anj  geo- 
graphical importance.  It  ie,  however,  very  pomible  to  pro- 
duce appreciable  gcf^jniiliifal  pliangca  in  the  bastn  of  tho  Cas- 
pian by  the  diverftion  of  thn  great  rivore  which  flow  fnmi  Oeiitral 
Rnssta.  The  aurface  of  the  ('aHpiau  is  eighty-three  feet  below 
the  level  of  the  Sea  of  AznS,  and  its  depreesion  has  been  ex- 
plaiiiod  np«»n  the  In-pnihwifi  that  the  eva|»omlioii  exceeds  iho 
supply  derived,  direclly  and  indirectly,  from  precipitation, 
though  able  phyMrista  now  maintain  tliat  the  aiiiking  of  thia 
■u  is  due  to  a  enbiiidciicc  of  its  bottom  from  geological  cansec. 
At  Tsaritiiin,  the  Don,  which  empties  into  the  Sea  of  Aztjff, 
and  the  Vnlga,  which  ponrs  into  tlie  T^iian,  appniach  each 
other  within  ten  miles.  Near  this  point,  by  means  of  open  or 
subterranean  canals,  the  Don  might  be  turned  Into  the  Volga, 
or  the  Volga  into  the  Don.  If  wo  suppose  tiie  whole  or  a 
lai^  proptirtion  of  the  waters  of  the  Don  to  Ijc  tliiis  diverted 
from  their  natural  ontlot  and  sent  down  to  tlio  Caspian,  the 
eqnilibrium  between  the  evaporation  from  that  sea  and  ita 
supply  of  water  might  l>e  restored,  or  its  level  even  raised 
nlwve  ita  ancient  limita.  If  the  Volga  H'erc  tnrned  into  tlio 
Sea  of  Azoff,  the  Caspian  would  be  rc<liiccd  in  dimensions 
nntil  the  lialam^  lictwocn  loss  and  gain  should  be  re-eatab- 
Hshed.  and  it  would  occupy  a  much  smaller  aroa  than  at  prw> 
ont  Such  changes  in  the  proportion  of  solid  and  fluid  surface 
would  have  some  climatic  effects  in  the  territory  which  drains 
into  the  Caspian,  and  on  tlie  other  hatiil,  the  intnKluction  of  a 
greater  quantity  of  froih  water  into  the  Sea  of  Asoff  would 
render  that  gulf  tcsa  salitie,  affeec  the  ojianiuter  and  nnmbere 
of  its  fish,  and  perhaps  be  not  wholly  without  eensjblo  iiifluonco 
on  the  water  of  the  Block  S«a. 


Diversion  of  (he  NtU. 

Perliapa  the  most  remarkable  project  of   great    pbysicat 
change,  propoeed  or  threatened  in  earlier  agce,  is  thai  of  the 
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diversion  of  tlm  Nile  fmm  !ts  nAtnral  cliaiinel,and  the  tiimiDg 
of  itfl  cnrrent  into  either  the  Ubjan  Desert  or  the  Red  Sea. 
The  Ethiopian  or  Ab>-fisiman  princes  more  than  once  menaced 
tlie  Meriilotik  Biiltans  with  the  execution  of  this  alsrmiDg  pm- 
ject,  and  the  fear  of  so  serinns  aii  evil  is  gaid  to  have  induced 
the  Mi:«lem6  to  eoneiliatc  tJic  Ahveaiiiian  kings  hv  lar^  pres- 
aent^  and  by  some  concemirme  to  iho  oppretued  ('hrirttian^  uf 
£g}*pt.  Indeed,  Arabian  hislorianfi  aliu'in  that  in  the  tenth 
century  the  Ediiopians  dammed  the  river,  and,  for  a  whole  year, 
ent  off  its  waters  fnmi  Kgypt.*  The  probable  explanation  of 
this  etory  is  to  be  found  in  a  scai^^n  of  extreme  dnnight,  aoch 
as  have  sometimes  occurred  in  tlie  valley  of  The  Nile. 

The  Libyan  Desert,  above  the  junction  of  the  two  prinripal 
hra!ii*Iies  of  the  Nile  at  Khartnin,  is  so  much  lii<;her  than  the 
level  of  the  river  below  that  pdnl,  that  ibei-e  is  no  reason  to 
believe  a  uowcbatinol  furtJic  united  waters  «tf  the  two  streams 
conid  be  found  iu  tliat  dii-ecHon;  but  the  Bahr-el-Abind  flows 
thronnli,  if  it  does  not  rise  it),  a  gi-eat  table-land,  and  some  of 
its  tributaries  arc  supposed  to  coniinuniculo  in  the  rainy  aeaaon 
with  branches  of  great  rivers  flowing  in  quite  another  direction. 
Ileuce  it  is  prubiible  that  a  portion  at  Iwwt  of  the  waters  of 
this  great  arm  of  the  Nile — and  per1m|W  a  fjuantity  the  ab- 
strac'tion  of  which  would  be  Minsibly  felt  in  Eg\'pt — mi^ht  bo 
sent  to  the  Atlantic  by  the  Con^u  or  Nifjer,  lost  in  inland  lake* 
and  mai-sbes  in  Centml  Africa,  or  employed  to  fertilize  tlicLib* 
yai>.6and  wastes. 

About  thp  Imginning  of  the  sixteenth  century,  Albiirjnerfjne 
the  "Terriblo"  revived  the  scheme  of  turning  the  Xile  into 
the  Bed  Sea,  irith  the  hope  of  destroyintr  the  transit  trade 

*  "  Some  liaufl  «rribtfi,  thai,  by  certattt  kings  iababitanf  aboue,  tlw  X'S»i* 
fi'boalil  there  be  stopped;  &  at  a  tim(!  preflxt,  let  tonne  rpon a eertein*  tribal* 
pnydtbAin  bjr  the  Afgyfitiant.  The  error  xprinjptig  perhape  fro*  tnith  {m 
all  wiuidriii^  reports  for  tbe  most  part  doel  io  tbat  tb«  -SefU/in  doth  fiAjr  k 
orrtnine  anniialt  iiumme  to  thi>  Abistin  Erapcroar  for  Dot  diuerting  th«  ooun* 
of  tbc  Itiuer,  which  (they  bay)  k«  may,  or  impoueciBb  It  M  th«  IcaA.** — 
Oroiuir  Sandtb,  .i  Rrirttiun  »f  a  Jimrnty,  ttx,,  p.  99.  Sm,  kIso,  VAJtaUUi, 
Yo^nge  en  /^yyptt,  p.  81. 
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through  Egypt  by  w»y  of  Kneeeir.  In  1525  tlio  Kiu^  of  Por- 
tngil  was  requested  by  the  Emperor  of  Ab^-ssinia  to  ecnd  him 
ptigrineerB  for  Uiat  pnrp<j«c;  r  successor  nf  that  prince  tliri-at- 
eiiL'd  to  attempt  the  project  aliont  llie  year  1  TOO,  and  even  us  late 
u  the  FreiiL^h  oecii]>aiion  of  Ejrypt,  the  pueeibility  of  driving 
out  the  intruder  by  this  lueana  was  sn^^gested  in  England. 

It  cannot  he  pt*itiveh'  affinned  that  the  divcrsiou  of  the  wa- 
tereof  tlie  Nile  to  the  Ked  Sea  is  iinpo«uiil>le.  In  the  chain  of 
mountAins  which  Bcpamtes  the  two  vallevs,  liniwn  foiniJ  a  deep 
de{>rc'AAii>n  or  wadi,  extending  from  the  one  to  the  oUier,  appa- 
rently at  uo  ,creat  elevation  above  the  bed  of  the  river,  but  the 
height  of  the  sunimit  level  was  not  inensured. 

Adinittin;^  tlie  possibility  of  turning  the  whole  river  into  the 
Bed  Sea,  let  us  c»ni<ider  the  probable  cETcet  of  the  chau|;^. 
Firat  and  most  obvious  is  the  total  destruction  uf  the  fertility  of 
Middle  and  Lower  Eg)-pt,  the  conversion  of  that  part,  of  the 
valley  into  adescrt^and  tlie  extinction  of  its  imperfect  civiliza- 
tion,  if  not  tlie  ab«4>lute  extirpati'jn  of  its  inhabitants.  This  is 
the  calamity  threatened  by  the  Abyssinian  princes  and  the 
ferocious  Portaguoee  warrior,  and  feared  by  the  Sultans  of 
Egj'pt.  iV'yuiid  tlie»=c  inmiediato  and  paljiable  consequences 
neither  party  then  looked;  but  a  fur  wider  geograpliical  area, 
and  far  more  extensive  and  various  human  interests,  wonld  lie 
affected  by  the  measure.  The  spread  of  the  Nile  during  tlie 
annual  inundation  covers,  for  many  weeks,  several  thousand 
equaro  miles  with  water,  and  at  otlicr  seasons  of  the  year 
]>orvades  llie  »ame  and  even  a  larger  area  with  moisture  by  infil- 
tration. The  nlwrraction  of  ro  larpe  an  evajMiraltn^  surface 
from  the  sontheni  shores  of  the  Mediterranean  uould  not 
but  produce  important  effects  on  many  meteorological  ]iho- 
ntiiiiena,  and  the  humiditji',  the  temiKtrntiire,  the  electrical  con- 
ditit»n  and  tliu  Hiniir-pheriu  eurreiils  of  Xortli>eaA|rrn  Africa 
might  be  modified  to  a  degree  tliat  wonld  sensibly  affect  tho  cli- 
inate  nf  Europe. 

The  Mcditermnean,  deprived  vt  the  contributions  of  thcXile, 
would  require  a  larger  supply^  and  of  course  a  stroftgiT  cur- 
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more  complete,  and  it  is  certain  that  thcro  arc  numerous  poiBli 
witliia  our  territor}*  where  the  cour&efi  of  great  river%  or  the 
(lit^liar^  of  cuii^iderable  Uke«,  ui<;Lt  l>e  completely  diverted, 
or  at  least  piirttall)'  direct-ed  into  ditlcreiit  eUanuela. 

The  surface  of  Lake  Erie  is  5(15  feet  above  that  of  the  Hnd- 
B<>ii[  at  Albany,  and  it  is  6o  near  the  level  of  the  graat  plain 
b''"n  ^'^^  "f  '^  ^^'  ^t  %ni8  found  pmcticftble  to  sopply  tbe 
western  section  of  the  canal,  which  unites  it  with  the  Hndeon, 
with  water  from  the  lake,  or  nitlier  fmin  the  Niagara  which 
flows  out  of  it.  The  greaiest  dvpth  of  water  vet  siiuiiJed  in 
Lake  Erie  is  hut  two  hundred  and  fieventy  feet,  tlio  mean  depth 
one  hundred  and  twenty.  Open  canals  parallel  with  the  Nia- 
gara, ur  directly  towards  the  Genesee,  mi^ht  be  executed  npona 
scale  wltich  would  exercise  an  ini|K)rtant  iufluenco  on  the  draiii- 
aji:e  of  the  lake,  if  there  were  iiny  adequate  motive  for  such  an 
niulertaking.  Still  easier  would  it  he  to  eiilaiT»e  the  outlet  for 
the  waters  of  Lake  Superior  at  the  Saiit  St.  Alary — where  the 
river  which  drains  the  lake  descends  twenty -two  feet  in  a  single 
inilc — and  thus  to  produce  incalculahlc  effects,  both  upon  thai 
lake  and  upon  the  great  chani  of  inland  wutere  which  ooa- 
innnicate  with  it. 

The  BUininit  level  between  the  surface  of  Lake  Michigan  at 
its  mean  height  and  that  of  the  Uiver  Dcs  Plaines,  a  tributair 
of  the  ininois,  at  a  yu'mt  tK>tiie  ten  niilc6  west  of*  Cbtcagoi,  is 
btit  ten  and  n  Imlf  foLrt  uhove  tht;  hike.  The  lake  once  di»- 
charcred  a  i)art  or  the  whole  of  its  watera  into  tlie  valley  of  tbe 
Des  Plaiiict-.  A  sliirht  upheaval,  at  an  unknown  poriixl.  cleva- 
led  the  bed  of  tbe  Dc5  Phiinetj.and  the  prairie  bctweea  ic  and 
the  lake,  to  their  present  level,  and  the  outflow  of  the  lake  waa 
turned  into  a  new  diivcrion.  The  bed  of  tlio  Des  Plainea  is 
higher  than  the  surface  of  the  lake,  and  in  recent  times  tlie 
Detj  Plaincs,  when  at  IKxjd,  has  sent  more  or  less  of  its  waten 
across  the  ridge  into  the  hed  of  the  South  Brnodi  of  Chicago 
River,  and  so  into  Luke  Kliehlgan. 

A  navigable  cliannel  hna  now  been  out,  admitting  a  constant 
flow  of  water  from  the  lake,  by  the  valley  of  the  Dea  Plabifl*) 
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into  the  niinoift.  Tlic  mean  discliai^  by  this  cliannol  does  uut 
mnch  excet'd  28,000  cubiu  ftwt  per  uiiiintc,  hut  it  wouUi  l»e 
quile  prauticublu  lo  enlarge  its  cnKw-ficctidii  indofiiiitctv,  »iid 
xlie  flow  through  it  might  be  bo  regulated  or  to  koop  the  lUiuoia 
and  tho  Mif^jiitieippi  at  flood,  at  all  Beauirts  uf  the  ^car.  The 
iucn-ase  in  the  roliitne  u£  tltese  rivers  would  aagmciit  their 
velitcity  and  tlieir  transporting  [ii)wer,  aiul,  conseqneiitly,  the 
erosion  of  their  banks  and  tlie  dcp(#it  of  slime  in  the  Gulf  of 
Mexico,  whilethe  ojwning  of  acoiniuunication  bctreen  tliclake 
and  tho  alflnentfl  of  tliu  MiitaiMippi,  uuolistructed  excxipt  by 
locks,  and  the  in tro<l action  of  a  large  body  of  onldcr  water 
into  tlie  latter,  would  very  probably  pnnlufro  a  considerable 
offert  on  the  animal  life  that.  iwO|»lcs  tbi'in.  The  diversion  of 
"water  from  the  coninion  basin  of  the  great  lakes  through  a  new 
channel,  in  a  direction  opix)site  to  their  present  discharge, 
wotdd  not  be  absolutely  without  influence  on  the  St  Lawrence, 
though  probably  thii  effect  might  bo  too  small  to  bo  readily 
perceptible.* 

In  an  able  and  interesting  artiL^le  in  a  Oilifoniia  inagai»n«, 
Dr.  "W'idney  has  suggested  ii  pnttuble  cAUse  and  a  possible 
remedy  for  the  dusiccation  of  eantli-eaiitem  California  referred 
to  in  a  former  chapter.  The  Colorado  De-wrt  which  lies  con- 
siderably below  the  level  of  the  ^rntora  of  tlie  Gulf  of  Califor- 
nia, and  has  an  area  of  about  4^,000   square  miles,  evidently 


*  from  Report!  of  the  Canal  Commlniooeni  of  the  Stal«  of  lUUwxU,  and 
C«p«eliJI/  fr»ni  a  v«rj  Intereatlnf  prirate  letter  from  WQUnra  Goodinf ,  Evq., 
V)  •mltt«at  <iigin«er,  <rhiali  I  ttfpitt  1  haT«  not  tpAoe  to  print  lo  fuU^  I  leara 
tliab  fcbo  length  of  the  preaeot  oanal.  bom  the  lake  tA  th«  Rirfir  llUniiJs,  la 
101  nflai,  with  a  total  d«aoeat  of  a  tcif^  uoro  than  143  feat,  and  that  It  la 
proposed  to  uilargv  thia  chanael  to  the  width  of  ono  hundred  and  aixty  feet, 
with  a  minimum  depth  of  MTHn,  and  to  create  a  aUck-water  uaviKStloa  la  tho 
IDinoiB  l>jr  the  cocRtmctiao  nf  flvfl  daitm,  one  nf  which  U  nlrvad;  eaatpleted. 
The  dcvoent  for  the  oatleC  of  tho  canal  at  La  ^4Ua  on  the  Illluola  to  the 
KiasiaHipjn  in  twenty ■eig'ht  faet,  the  distanoo  htaag  230  milea  Tha  canal  tbua 
enlarged  would  coat  aboot  $14,000,000,  and  it  would  eit^blbh  a  navifatioo  for 
TBwab  of  l,20t  to  1,900  tana  bnrdea  betw«cn  Lake  HJehigan  and  tho  Hi»- 
ef«tp|)i,  and  ooaee(]Qently,  hy  mean*  of  the  great  lakoaaiul  the  WoUaad  oanni, 
between  the  St.  lAwreuca  and  the  tiolt  of  Hezioa 
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once  formed  a  part  of  tliat  gnlf.  This  nonhem  extension  of 
tl)e  gulf  apjjcarB  to  hare  been  cut  off  from  the  main  body  bj 
dcjioeitti  Imiigbt  dowu  by  the  great  river  Colorado,  at  no  verr 
difitani  period.  The«e  dcpoeitB  at  the  same  iima  tunieil  the 
ooiii«o  of  tlie  river  to  the  soiitli,  and  it  now  enters  the  gulf  at  a 
point  twenty  miles  distant  from  its  oriftiual  outlet. 

When  this  mtrthcru  arm  of  the  gulf  was  cut  off  from  the 
Beo,  and  the  river  which  once  discharged  itself  into  it  was  di- 
verted, it  was  speedily  laid  dry  by  evaporation,  and  now  j'iokU 
no  vapor  to  be  unndenMMl  into  fug,  rain,  and  »iiow  ou  the  neigh- 
boring moiuitains,  which  are  now  parched  and  almost  bare  of 
vege  tuition. 

The  ancient  bod  of  tho  river  may  etill  be  traced,  and  in 
flixids  the  (\)lorado  tttill  Rend«  a  part  uf  itd  overflowing  supply 
into  LtB  old  ehaniiel,  and  for  a  time  waters  a  portiuo  of  thu 
desert.  It  is  believed  that  the  river  might  easily  be  tamed 
back  nito  its  uriginal  coun>e,  and  indeed  nature  hcraelf  aeema 
tu  be  now  tending,  by  various  epuiitaneotis  proceseee,  to  ftccom- 
pliah  that  object.  Tho  waters  of  the  Colorado,  tliou^h  jfcrhape 
not  snflicriont  to  Jill  ttie  baain  and  keop  it  at  tlie  aea-level  in 
epite  of  the  rapid  evaporation  in  tliat  climate,*  would  at  lead 
create  a  peruiancnt  lake  in  the  lower  part  of  the  depreeBion,  the 
evaporation  from  which,  Dr.  Widiiey  suggests,  might  sensibly 
iiicrwise  the  humidity  and  lower  the  temperature  of  an  extuu- 
Bive  region  which  is  now  an  arid  and  desolate  wildcmoea. 


I 


Soil  hehno  liodc. 


One  of  the  most  singular  changes  of  natural  snrface  effected 
by  man  i&  that  observed  by  Bccchey  and  by  Barth  at  Ltn 
Tcila,  am]  near  Go)>ol  Gemlnesj  in  tho  r1istri<;t  uf  .Ben  G&ai,  in 
Noi-theni  Africa.  In  thi»  region  the  eu^>orticial  atratom  an^' 
nnlly  consisted  of  a  thin  sheet  of  rock  covering  a  layer  of  fer- 
tile earth.    This  rock  has  been  broken  up,  and,  when  ntrt  prao 

*  Thff  thermomRtcr  (lonietlnm  tines  to  ISO*  P.  at  Fort  Toroft,  at 
aayleof  C«Ufomui  ia  N.  L.  38*. 
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ticable  lo  find  use  for  it  in  funces,  fortroGsoe,  or  dwellings, 
hc&[x^  leather  in  high  pilcA,  Mid  tlie  toil,  tliUB  1>Ered  of  il& 
Etony  shell,  lias  been  employed  for  agricultural  pnrpoeee.*  If 
we  remember  tliat  f^inpowder  was  unknown  at  tlie  peruid 
wlion  Llicao  remarkable  injprovemonts  were  oxccutod,  and  of 
coiuvc  tliat  tlio  rock  cotild  have  been  broken  only  with  the 
cbiftel  and  wcd<;o,  we  must  itifcr  tluit  land  hat^l  at  that  time  a 
very  great  pecuniary  value,  and,  of  c^mrKe,  that  the  pn^vince, 
though  now  exhansted,  and  alnioet  entirely  deserted  by  man, 
had  cuce  a  dense  [wpulation. 

Covering  JiocX:  with  ICartA, 

If  man  has,  in  some  ca^cs,  broken  up  rock  to  reach  prodnc- 
tire  ground  beneath,  he  Ims,  in  many  other  iustuneee,  oovered 
bare  ledges,  and  sumetimes  extensive  gurfavce  of  solid  ^ti>nc, 
with  fruitful  earth,  brought  fi-om  no  inooD&idcrablo  distance. 
Not  to  speak  of  tlio  Cainpo  Santo  at  I'isa,  filled^  or  at  least 
coated,  with  earth  from  the  Holy  Land,  f«r  quite  a  difFerc>nt 
pnrpi^jee,  it  is  affirmed  that  the  garden  of  tiie  monaif^tery  of  St. 
Catlierine  at  Mount  Sinai  is  c<>in|Kjeed  of  Nile  mud,  trangport- 
cd  on  the  backs  of  earnelH  fit<m  the  banks  of  that  river.  Far- 
thoy  and  older  anthnrs  stat^  that  all  the  productive  Boil  of  the 
Iitliirid  of  Malta  was  brouglit  over  from  Sidly.f  Tlie  accunu'y 
of  the  information  may  bo  questioned  in  both  cases,  but  eimilur 
praetices,  on  a  smaller  scale,  are  matter  of  daily  observation  in 
many  parte  of  Southern  £un>pc  Much  of  the  wine  of  tho 
Moselle  is  derived  from  gnipes  grown  (in  earth  curried  high  ap 
the  cliffs  on  the  alioulders  of  men,  and  the  steep  terraced  .tlojies 
of  the  Island  of  Tcncriffe  are  covered  with  soil  jiainfully 
siXKiped  ont  from  fissures  in  and  between  the  rocks  which  have 

"  BAnm,  Wandtnmfim  durofi  dis  £B«toA  rfM  3iMHmt«em,  L,  p.  8fiJI.  In  % 
aot«  OD  pMg*  S80,  of  tbs  wnM  mlaaa,  Banb  ciUis  Sirabo  m  iwMrtiog  lltat  % 
Atoiilkr  practioe  pnTaOnd  in  Tf^fgk;  bat  the  eiiitbct  t^x*'"' 'Ppli*^  ^V 
Stnbo  to  th«  oii^ntl  sarfxoo,  doc*  not  D«<xiB»ri]>  impi^  that  it  «rM  cwvvred 
vitb  «  ractinaoaB  stnilum  of  mok. 

\  Pamtoet,  n'<u>d«riiHfi«A  rftfMt  .SMUm  «miI  <Uf  X«MnCe,  L,  p.  4M. 


630 


DEBKBT   TAUJnrS. 


been  laid  bare  by  the  doatnicfion  of  the  natlre  foregteL*  la 
Chiiia,  too,  rock  has  been  artificiallv  covered  with  earth  to  aa 
extent  which  gives  snch  operatioDB  a  rati  gcof^phieal  iniptvt- 
811  ce,  and  the  acooant6  i^if  the  iraporiatiou  uf  earth  at  Malta, 
and  tho  fertill%atiun  of  the  rocks  on  Mount  Situu  with  alime 
from  the  Nile,  may  be  not  wholly  without  foundation. 

VaSe^  in  DeserU. 

In  the  latter  case,  indeed,  river  sediment  might  be  very 
fnl  as  a  manure,  but  it  could  hardly  be  needed  aa  a  soil ;  for 
the  growth  of  ve<;;etatioit  in  the  wadicij  of  the  Sinaitic  Peain* 
enlu  ehowe  tlmt  the  disintegrated  rock  of  it^  mounUtins  retjoires 
only  water  to  stimulate  it  to  considerable  pn^uctiTeiiees.  Tim 
wadiee  present,  not  unfrequeutly,  narrow  goi^gee,  which  mi^t 
easily  be  closed,  and  thus  accuniiilaticoia  of  earth,  and  reser- 
voirs of  water  to  irrigate  it,  might  bo  formed  which  would 
convert  many  a  square  mile  of  desert  into  flounVhin<^  dole 
gardens  and  cornfields.  For  example,  nut  far  fnnii  Wiuli 
Feiroii,  on  the  mo^t  direct  i-outo  to  Wadi  Esh-Slieikh,  is  a  wrj 
narrow  pass  called  by  tlio  Aralw  Kl  Bneb  (El  I>ttb)  or,  The 
Gate,  which  might  be  securely  closed  to  a  ve;^*  eoni^idonibl* 
height,  with  little  labor  or  expeueo.  Above  this  pass  is  a  wide 
aud  nearly  level  expanse,  filled  up  to  a  it-rtaiii  regular  level 
with  depo&its  brought  down  by  torrents  before  the  Cia'e,  or 
Bucb,  wfts  hri'keu  through,  and  tliey  have  now  worn  duwu  a 
channel  in  tha  ilep{wit8  to  the  bed  of  tlie  wadi.  If  a  dam  were 
constructed  at  tlic  pass,  and  reservoirs  built  to  retain  the  winter 
rains,  a  great  extent  of  valley  might  he  rendered  cultivable. 

JCfeeU  of  Mining. 

The  excavations  made  by  man,  for  mining  and  other  par^ 
poses,  may  ocirasion  disturbance  of  the  surface  by  tlie  buIhi-J 
dftuce  of  tho  strata  above  them,  as  in  the  case  of  tho  inino 
Fahlun,  in  Sweden,  but  i^ueh  accidents  Iiave  generally  been 
*  Maktbqazxa,  Huriki»  Plata  4  Tentriffa,  j>.  &)]>. 
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inoonsideralilc  in  extent  to  dcacrvo  notice  in  a  geoprapliical 
point  of  view.*  It  is  »iid^  liowovcr,  that  id  niitny  pluui's  in  iho 
miiiini;  rcginnBof  Eiin;liiii<l  alflrmin<j:  iiidicfltionsnf  a  tondenuy 
to  a  wide  dislocation  of  the  6ti[>cHicial  strata  liave  nianifestetl 
tlicnisolTCS.  Indeed,  when  we  oousider  the  measure  of  tlic  uu- 
der^niinid  cHvItieti  wliiuh  niiiierB  liavo  excavated,  we  cHtinot 
but  be  surprised  that  giiL\c  eata&trophc«  have  not  often  rceuhed 
from  the  removal  of  titc  foundations  on  whiuh  the  crust  of  our 
earth  i«  laid.  The  100,000.000  tons  uf  coal  yoiirly  extmcted 
from  British  mines  require  the  withdrawal  u£  subterranean 
strata  equal  to  an  area  of  30,000  acrea  one  van]  deep,  or  ti,000 
acres  ten  yardB  deep.  These  oxca\-atli  »n«  have  gone  on  for  Bcvcral 
years  at  this  rate,  and  in  smaller  pnijHirtions  for  ccnturieti. 
Hence,  it  cannot  be  doubted  that  by  tliew  and  oilier  like  opem- 
tiona  thee  arth  has  been  nnderrained  and  honey -combed  in  many 
countriea  to  an  extent  that  may  well  excite  serious  apprehei>- 
sjons  M  t4j  tlic  stability  of  llie  surface.  In  any  event  sucli  ex- 
cavations may  interfere  malei-inlly  with  the  course  of  eubternv- 
ncAn  waters,  and  it  li;is  even  Iteen  eonjeulurcMl  Umt  the  retituva) 
of  large  iMjdieK  of  metallic  ore  fnim  tJieir  ori<;inal  dejMwilii 
might,  at  leae-t  locally,  affect  in  a  oouftible  degree  the  magnetic 
and  ek'CTrical  (Nindttioti  of  tlie  earth's  critft.t 

*  In  March,  1ST3,  tlio  liupnuIentexteoaloBaf  th««xoaTatioa»lii«  ttate  mitw 
B««r  Moriiti«,  in  f^voy.  oocnnooei]  ttio  taW  of  s  nuuw  of  rock  mMunrin^  more 
th&n  iMI,000  f anlk  in culiiool  caaUiibL  A  formt  of  fin  was  daatniyed,  anal  a 
kanl«t  of  twelve  b(nu>ea  enuhcd  unci  buried  b)-  tbo  slide. 

j  The  exUauMion  of  the  incmi  anoeaaibl*  depoaita  of  oool  and  othor  nlaA- 
nlotuwcompeUtdtfae  nifneraiii  nelghim,  Bogland,  and  othercotizttrie*,  toctitj 
their  operatiom  U>  gramt  di>|»thR  tialow  Iba  autfnoe.  At  th«  ooUitrjr  Dm  Ti- 
Tien,  at  CiUr  near  Cbnrlcrol,  la  KelBimn,  eool  ia  worited  at  the  drpth  of  &,8fiO 
f«et,  itnd  one  |>it  haa  lievn  auiik  to  tJte  depLh  of  8.41 1  fi!«t.  It  ta  Mn|tp<Mwil 
thnt  the  hit^mal  beat  of  the  enrth  will  render  mtnlnit  intpoMsible  below  4,000 
feet.  At  Cliffonl  Amalffamated  Mines,  In  Conwatt,  bha  lenperatDrw  at  I.SM 
feet  atflotl  at  1O0'.  bat  after  the  nhaft  had  Tefnaioed  a  Taar  open  It  fell  tA  ^i', 
la  another  Conviah  mine  men  irorit  at  fT'U  1  lO '  to  U0^  but  oaljr  Iwuatf  min- 
iitfia  nt  a  time,  and  with  ould  water  thrown  (reqaenlljr  orer  them.  — TAt  lot 
Thirtg  Ttcrt  itt  Miiiittg  IHttrtett,  p.  05. 

Btoppani  mentloiui  an  abaadoned  mine  at  Ilnttanber^,  Id  Bobaniia,  of  the 
d  -ptti  ot  S,775  fMt.— Ottmi  4i  Ot-itpgia,  L,  p.  2^ 
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Ilydraidic  Minijtg. 

What  is  calleil  liydraulic  mining — a  Bystem  snlstantiAUy 
identical  with  that  di^-serilied  in  an  intereeting  waj  bv  FUnj 
the  elder,  in  ikiok  XXXV\of  his  Natural  lliBtury,  aa  pracdii«d 
in  bis  time  in  the  gold  mined  ofSpnin^— is  producing  tin  jtortxuit 
ffoographical  effects  in  California.  Artiticially  directed  car- 
rentsi  of  water  hiive  been  h>n^  ciiiplnyod  fur  washing  dawn  attd 
rfnio%iiig  lOH^sefi  i>f  earth,  hut  in  the  Califnrtiian  iiiiiiin<;  ili« 
prueegg  is  reported  to  on  a  vat'^tl^^^-eater  Buale  than  in  any  other 
modern  engineering  operations,  and  with  rc«ult«  proptjrtioucU 
t(t  tiie  ineanH.  BivMjks  Q>f  cuiisideniltle  vulnme  are  divvrted 
fivm  their  imtnral  channels  and  cuudttcted  to  i^reut  distmiic«0 
in  eanaU  or  wtxfdeu  aqueduula^t  imd  then  diroetcd  agaimt 
hilk  ami  large  level  6nrfat;efi  of  grnutid  whii-h  it  is  iievonarj 
to  remove  to  reaeli  iJie  pjld-bearing  strata,  or  which  tbem- 
^Ivcs  contain  dc[)o«itd  of  the  piX'cioiift  mincraL  X  Naked 
liills  and  fertile  soils  are  alike  washed  away  by  the  artificial 
torrent,  and  the  material  removed — vegetable  mould,  Band, 
j^ravel,  pebbles — is  carried  downi  by  the  cnrrt^nt  aixl  <jften  sjiread 
orcr  ground  lying  quite  out  af  the  reach  of  nutumi  iniiiid»- 
tioua,  and  baryiug  it  to  the  depth  Rotnettmes  of  twenty-five  feel. 
An  orchard  valued  at  gOO.OOO,  and  auuthcr  estimated  at  tujt  lam 
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*  I  b«vo  ltttl«  rlrmtit  tliftt  tlie  hjdratilio  niiaing  to  fisul,  Lllndad  to  bj  IMo- 
dcms  bicnlofl,  liihliothren  HUtvnca,  r.  £7,  na  mcrvtj  a  moda  of  utiUzitig  tbs 
effeotfl  of  wfttet  flovriug  In  it«  ufttuial  oluuiaela,  was  rnolljr  th«  artificial  ucLh«il 
detttribcil  bj  Pliny. 

I  In  \m^  Lh«rv  wer«  0.000  nilm  (iadading  bnaduM)  at  artificial  ini|«r> 
conn*ft»  <!mp1oT<>d  lot  mining  parpoMM  In  0*Ufomiii.,  The  tluiaM  of  tboM 
oiuiKla  ore  often  uf  iOi«ct.-iixiu,  uod  in  Bomo  ptaooii  an  oorried  oooaUraiUa 
dUtanoM  at  &  height  of  &*>0  foot  nhovo  tbo  graoad. — RAmnKD,  J^hmw^  ^I*. 
ligtiot  trtrt  "/  l/ie  l{i>rty  MoviiUune.  1870,  p,  470. 

t  Tho  w»wrfs  «om«tlinM  driven   tbrough  from  tulya  iindtor  a  hj^dRHtaCfe 
pTcsBun)  of  WTcia]  hundred  teut,  with  a  furos  which  cuts  avaj'  roek  t€  vtjm. 
riderable  Doliditj  nltnont  lu  «a<t)7  as  hard  outJi.    In  thi«  way  of  tutai;  watar, 
the  cntting  tuxav  might,  iIouUlcM,  be  gceaUj  augmented  b;  lutrodnoi^  Mad 
or  gT^Tel  Into  th«  cartcnb. 
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than  $200,000,  are  etateil  to  liuve  been  Ihiw  sacriBctid,  and  a  re- 
port fntin  tbo  Agricultural  Utirenu  at  WaitLiiigtoit  coiiipnti'S 
iho  ttiiiiual  damage  dune  by  this  luodeof  mining  at  Uie  incredi- 
ble sum  of  $12,0U0,I>0<>. 

Afcideiital  firca  in  mines  vt  coal  or  li^iiCe  aometimce  luud  to 
con^qitoiiccB  not  only  destructive  to  lai^  quantities  of  valua- 
ble iimtcrial,  but  whi»;li  nmv,  dii-wctly  <ir  indiretttlr,  i>r(Kjni'e 
rcetiltfi  important  in  ptii*trapby.  The  coal  ia  oocaBioimHy  ij;- 
nitcd  by  tbc  roiuerft'  liglita  or  other  firea  naed  by  ttiem,  and 
certain  kincltt  of  this  mineral,  if  lon^r  exposed  to  air  in  deserted 
g«llcricft,  may  be  Binrntaneously  kindled.  Under  favomblu  uir- 
cnmittanceK,  a  stratum  of  »)al  will  bnm  until  it  ia  rxliaiisted, 
and  a  uavity  may  Ih>  burnt  out  in  a  few  months  wbicii  human 
labor  fonid  not  excavate  in  many  yeai-e.  Wittwer  inforuis  ns 
that  a  coal  mine  at  St.  Kticnne  in  Danphiny  has  been  bnrninf^ 
ever  since  tlie  fourteenth  century,  and  that  a  mine  near  Dutt- 
wciler,  another  near  Epterode,  and  a  third  at  Zwiekan,  have 
been  on  fire  for  two  hundred  yeara.  Such  oonfla^rationa  not 
only  pnvHnc*  (cavities  in  the  earth,  but  comrnnnicate  a  per- 
ceptible de^o  of  heat  to  tbo  surface,  and  the  author  juiit 
quoted  citoa  caAca  where  tbia  heat  baa  been  advantageously 
employed  in  forcing  vegetation. 


Projects  of  AffrunJttiral  Improvements  hy  Duponehfl. 

Du}x>nchorH  «cheraca  of  ajn^eultnral  iinpmvement  are  ao 
fp-andi'itic  in  their  nature,  so  vast  in  their  sphere  of  operation, 
and  W)  iiiijH>rtant  in  their  possible  effects  np"in  immeriso  tracts 
of  the  eurtli'p  i^urface,  that  they  must  be  considered  iw  projetta 
of  geographical  revolution,  and  iJiey  therefore  merit  more 
than  a  passing  notice.  In  a  moinoir  already  quoted,  und  in  a 
later  wurk,*  tliis  engineer  projxiee*  to  conRtroct  artificial  tor- 
rents for  the  purpose  of  grinding  np  calcareont  roeic,  by  roll- 
ing anil  attrition  along  their  Ituilii,  an^l  thus  rt'dncitig  it  int4i  a 
line  slime;  and  at  the  name  time  tltem  torrunlA  aitt  to  trnnii|>ort 

*  Truiti  irSgarauUgve  et  d4  O.ehffu  AgrieUtt,  \Wi. 
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an  ar^illacGouB  deposit  which  is  to  be  niinf^led  with  the  cal- 
careons  sliine,  and  distributed  over  tfaeLaudce  by  wraterconrse* 
coHstructed  for  tlie  juirpiiso.  By  lliis  nicuiis,  he  8upjx»icj'  that 
a  very  fertile  soil  may  lie  foi-med,  and  so  graded  in  dejXKiting 
as  to  seettre  for  it  a  good  drainage. 

In  tii'dt'r  that  mitliinw  may  be  wanting  to  rooomincnd  tbc 
project,  Duponchel  suggeata  tlmt^,  as  Borne  rivers  of  Wcstcra 
Franee  aro  goldliDftriii;^,  it  is  pn)li»ljlo  that  gohl  enough  may 
\ie  c<.)!le<:tc<l  by  wasbing  the  aaiidB  to  redneo  materially-  the  ex- 
pense of  such  opcratloiia. 

In  tlie  Landes  of  GascoTiy  alone,  be  believes  diat  3,000,000 
acres,  now  barren,  miglit  bi?  iniide  |)rodiictivc  at  n  moderate  ex- 
pense, and  tbat  similar  metbodd  uiigbt  bo  advaTitagct'iuslv  em- 
ployed iu  France  over  an  extent  of  not  less  tlian  30,(h>0,000 
acres  now  almost  wholly  valiielesB. 

The  successful  execution  of  tlic  plan  would  increase  the  fer- 
tile territory  of  France  by  an  ai-ca  of  four  or  five  times  tlie  ex- 
tent of  Sicily  or  Lif  Sardinia. 

There  seeuis  to  Ijc  no  roasnn  why  the  same  method,  applied 
for  8uch  different  pur|»<;*ioa,  should  necessarily  be  destructive  in 
the  one  ca**  while  it  is  so  advantageous  in  tJie  other.  A  wi»er 
economy  might  bring  about  a  harmony  of  action  between  the 
mlncn>  and  tbc  iigr-i<!uUiiristK  of  California,  and  tiio  mmI  whioii 
is  remtived  by  iho  former  as  an  iiu'umbrauee,  juditriouiily  do- 
posited,  uiigbt  become  fur  the  latter  a  f^turc^re  nf  weuUh  nxtre 
Bolid  and  ciiduiing  than  the  gold  now  obtaiued  by  &uch  a  sacri- 
fice of  agricultural  intere!>t». 


Aeti&n  of  Man  en  the  Wt<itJi«r. 

E.spy'8  well-known  Bu^^ation  of  the  poeeibllity  of  cao&ing 
rain  artificially,  by  kindling  great  tires,  is  not  likely  to  be  turned 
to  practical  account,  but  the  tipcciilatioiis  of  this  able  inetoor- 
oKtgist  arc  not,  for  that  rens*ju,  to  l>o  rejected  as  wnrthlosft.  Hi« 
labors  exhibit  great  indiiBti-y  in  llio  collection  of  faota,  much 
ingenuity  in  dealing  with  them,  remarkable  insight  into  tlw 
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laws  of  nature,  u\d  a  ready  perception  of  analogies  and  rela- 
tions not  obviona  to  minds  less  pliilusophicaJly  coustituted. 
Tliey  have  unquestionubly  contributed  cdtjontially  to  tiie  ad- 
Tanceiiient  of  niotwntilogiwil  wmwumj. 

The  powibilit)*  that  the  di&trlbiitiun  and  action  of  electricity 
mar  be  considerably  modified  by  long  lino*  of  inwi  railways 
and  tclef^raph  wires,  is  a  kindred  tliougbt,  and  in  fact  rests 
much  on  the  same  foundation  as  the  belief  in  the  ntiUty  of  light- 
ninf^-rods,  bul  such  intlncnce  is  too  obscure  and  too  uncertain 
to  have  been  vet  deiiioimtnited,  ihtmgh  many  intelligent  obser- 
vers believe  tliat  sensible  meteorolo};ical  effects  have  been  pro- 
duced by  it. 

It  is  alTirmed  that  battlenand  heavy  cannonades  arc  generally 
fullawcd  by  rain  and  thuiider-stonnii,  and  Fowors  has  c*>llccted 
much  evidence  on  tins  stibjcct,^  but  the  prD|>OBitiou  does  not 
Beem  to  be  by  any  means  eslublished. 

litmsfanee  to  Great  X^Unml  I'l/ree$, 


I  have  often  spoken  of  the  greater  and  more  snbtilc  natural 
forces,  and  especially  of  pcoloj^icjil  agencies,  as  powers  beyond 
human  gnidance  or  resistance.  Titia  is  no  doubt  at  present 
tmo  in  the  main,  but  man  has  shown  that  he  is  not  ahogeilier 
impotent  to  stniggle  with  even  these  mi^i^hty  aonrants  of  na- 
ture, and  hts  unconscious  as  well  as  his  deliberate  action  may 
in  sonic  cases  have  incrcattcd  or  diuiinii^hed  the  intensity  of 
their  energies.  It  is  a  very  ancient  belief  thai  earthijnakeH  are 
more  destructive  in  districts  where  the  crust  of  the  enrtli  is  solid 
and  homogeneous,  than  whore  it  is  of  a  bioser  and  moi-o  inter- 
rapted  struetnro.    Aristotle.  Pliny  the  elder,  and  Seneca  be- 

*  War  and  tht  Walter,  or  t/ie  Arti'jtfi-ti  ProduOian  t^  Satn,  CUmco,  1871. 
rnifor  pmposetl,  m  f«rijr  m  1914,  mmngitmitti*  tar  prodiuiliifr  nln  hf 
iiing  ononon  iuh)  exjiluding'  tbdU  ia  tbe  six.  JVa  WWuMMtvr  TVviUJn  rfu 
Jryuakt,  bariuA  (fur«A  tufLtd rUTA<t«  A^jvn  ni  A^/ffrdara,  HeU,  IflU.  .Sw!,ontlio 
quMtioD  ot  Out  poanliUitj  of  inlliioaBlag  tbe  WMthu  b;  artiiivUl  incikiui,  /x>n- 
Jbm  Qvarttrijf  JoumtU  of  Scienee,  xxiz.,  p.  120,  and  JViiJi/rr,  Feb.  Ill,  1S7I, 
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lieved  tliat  not  only  natural  ravines  and  caves,  but  qaarriea, 
welK  and  other  hninan  excavations,  whic^h  break  tho  continuity 
of  tlie  terrestrial  Rtmta  and  facilitAte  the  cacapo  of  elastic  va- 
|>ord,  have  a  sensible  itiHiience  in  diiiil Dialing  tbc  violence  and 
preventing  tho  propajfattou  of  tho  eartb-wavea.  lu  all  ooun- 
trlpH  ttiibjt>i-t  to  eartliqiiHl((>ii  this  opinion  ih  Btitl  maintained,  aod 
it  is  a^soi-tccl  that,  both  in  aimienC  and  in  modem  tiincA,  bnild- 
inirs  pnjteeted  by  deep  wells  under  or  near  them  have  suffered 
less  fr<)m  carthipiakfj*  ilmn  thoAo  the  architects  uf  which  hare 
negk'rtetl  this  precautiou.* 

If  the  commonly  nuioivcd  theory  of  tlie  can&c  of  eartliqiiakos 
is  trne — rbat,  namely,  wliidi  aficnhcs  thorn  to  the  oloAtte  furce 
of  {jaws  accnnmlated  or  generated  in  subterranean  roservoire — 
it  is  evident  that  open  channels  of  communication   between 
such  refiorvoirs  and  tlio  aiinnspliei'o  niij^iit  serve  iw  a  bnrintc** 
dificlmr^e  of  gaues  tlmt  would  otherwise  aci[uire  dustructtve 
energy.    The  doubt  is  whether  artifieial  excavations  can  be  car- 
ried d(N?p  enoug:h  to  reach  the  lal»orati>ry  where  the  elastic  flnids 
arc  distilled.     There  arc,  in  many  places,  fimull  natni^al  creiit«» 
thronr[li  wJiich  such  fluids  esuapc,  and  tho  source   of    them 
eometinioa  Vim  at  so  imwderali^  a  depth  that  tliey  pervade  tlie 
Bnpertiiiirtl  mi\  and,  as  it  were,  Imiispiro  fmiu  il,  over  a  cun»id- 
crable  ai-oa,     "When  the  borer  of  an  ordinary  artesian    well 
strikes  into  a  cavity  in  the  earth,  imprisoned  air  often  ro^c 
oat  with  ^reat  violence,  and  thiei  bus  been  still  more  frequentlj' 
observed  in  sinking  ininemt-oil  wells.    In  this  latter  cose,  tlic 
discharge  of  a  vehement  t-urrent  of  iiiHammable  fluid  aoine- 
times  continues  for  honra  and  even  longer  periods.     These  facta 
seem  to  render  it  not  wholly  i[n]>robal)le  that  the  popular  belief 
of  the  efficacy  of  deep  wells  in  initigatiug  tho  violence  of  eartU- 
<{uako8  is  well  foundwh 

In  general,  li^ht,  wiioden  buildings  ore  less  injured  bycarth- 
qnakes  tliaii  raoie  scvlid  structures  of  st<me  or  brick,  and  it  is 
commonly  supposed  tliat  tho  power  pot  forth  by  the  eartb-wnve 
is  too  great  te  be  i-esisted  by  any  amount  of  weight  or  soUdtir 

*  lUHlMftEBB,  0*9tiMeM*  der  KuM^om,  U.,  p^  19,  2a 
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of  mass  that  man  con  pilo  np  npon  the  ttnrface.  Rut  the  fact 
that  in  ooiintries  subject  to  earthqiiakc^  manjr  very  large  and 
Btronglj  coDstracted  palaces,  temples,  and  olhcr  monunients 
have  stotxl  for  centuries,  comparative  I  r  uninjnred,  sng^fStB  a 
doubt  whellier  this  opinion  is  w>und.  The  cartlKjunke  of  the 
firat  of  Xovenibcr,  1756,  which  ift  aKperted,  thoiij^h  ui»iin  donht- 
fnl  evi^Ieni^e,  to  have  boen  felt  over  a  twelfth  part  of  the  earth's 
surface,  wad  among  the  meet  viiflent  of  which  we  have  any 
clear  and  distinct  acconnt,  and  it  seems  to  hare  exerted  its  most 
destructive  force  at  Lii»bon.  It  has  often  been  noticed  a«  a  n> 
marknble  fact,  that  the  mint,  a  building  of  great  solidity,  was 
almost  wholly  unaffected  by  tlio  shock  which  shattered  eveiy 
house  and  church  in  the  city,  and  its  escajw  from  the  et.innion 
ruin  can  hardly  bo  accounted  f«ir  except  ujion  the  snp]k*itioa 
that  its  weight,  compactness,  and  strength  of  material  enabled 
it  to  resist  an  agitation  of  the  earth  whidi  overthrew  all  weaker 
stmctaroa.  (>n  the  other  hand,  a  stone  jiior  in  tlio  harbor  of 
Lisbon,  on  which  thoneanda  of  people  had  taken  refuge,  sank 
with  its  fonndations  to  a  great  depth  during  the  same  earth- 
quake; and  it  is  plain  that  where  subterranean  cavities  cxist^ 
at  moderate  depths,  the  erection  of  heavy  mancft  npon  them 
would  tend  to  promote  the  breaking  down  of  the  strata  whi«h 
Mof  tliem  over. 

No  physicist,  I  believe,  has  supposed  that  man  can  avert  the 
eniption  of  a  volcano  or  diminish  the  quantity  of  melted  rock 
which  it  pours  out  of  the  bowels  of  the  earth ;  but  it  is  not 
alwap  imjKieeiblo  to  divert  the  course  of  oven  a  largo  current 
of  lava.  '*  The  smaller  streams  of  lava  near  Catania,"  says 
Ferrara,  in  describing  the  great  eniption  of  1661*,  "  wore  turned 
from  their  course  by  building  dry  walls  uf  stone  as  a  barrier 
against  tliem.  .  .  .  It  was  pn ipi isctl  tti  divert  the  main  current 
from  Catania,  and  fifty  men,  pn>tei!ted  by  hides,  were  sent  with 
hooks  and  iron  bars  to  break  the  tiank  of  the  stream  near  fiel- 
puBO.*    >Vbcn  the  opening  was  made,  6uid  lava  poured  forth 

*  StMn  mttm  tbs  ounnt  iauM  ttom  tbm  toIohw,  it  ■  wvcrvd  abova  muI  st 
hi  Mm,  aod  finallj  in  tnnk,  with  Hocfa*,  fomisd  bjr  tbv  cooling  of  Um  ex> 
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and  Aowed  rapidly  towards  Patemo;  but  the  inhabitants  of 
that  place,  not  isuing  to  sacritico  their  own  town  to  save  Cata- 
nia, rti&lied  out  in  arms  and  put  a  Btop  to  the  operation."*  In 
the  eriiplion  of  V'eftiivius  in  17H4,  the  viueroy  saved  from  im- 
pending dttitrnction  the  town  of  Purtici,  and  ttie  valaable  ool* 
lection  of  antiquities  then  dep<j*ited  there  liut  tiince  removed  to 
Kaplce,  hy  emplovin*;  several  thousand  men  to  dig  a  ditch 
above  tlio  town,  by  which  the  lava  current  was  carried  uff  in 
anotlier  direction.f 

jHMed  saifhoe,  which  bar;  mai  oonconl  the  Qaid  mam.  The  atifmiB  roUi  as 
nodcr  th«  fiORting,  onA  between  tb«  wall*  of  scoriw,  uid  it  wm  lli«  liit«r&l  enni 
which  was  brukim  tliroagh  \jy  ilio  wurkmrn  mentioned  in  the  test. 

Th4  iltntADM  to  which  IflTR  Hows,  bvfuiv  ita  surface  begiss  to  eoSdify,  de- 
peudx  vn  iV»  vuluinu,  itii  cannposition,  it«  tcmpcrntarc  and  that  of  Uie  air,  tlie 
force  vrith.  wliiuli  U  U  «Jftctod,  tLoA  th«  inclination  of  tbe  declinty  orer  which  it 
mna.  Id  niDet  ciucs  it  is  diiBcnll  to  Appronch  ths  cnimnt  at  poinla  where  it  it 
•tflleotinljrflulil,  and  h«iico  opportumtivB  of  obMrring  it  in  that  oeoditioaan 
BOl  vary  fni^uent,  In  Ibu  uruptiun  of  Febiaofy,  18S0,  on  the  eaM  able  of 
TftlUTiiM.  I  went  quit«  up  to  one  of  tlie  outlets.  The  lava  ebot  out  of  the 
nilloe  upw-imls  wiUi  great  vulodty,  like  tfas  water  froni  a  foantaio,  in  a  fltream 
eight  OTt«Q  feet  in  diameter,  throwia];  ap  occauonaU^  rolcautc  bomLa  three  or 
fotu  fovt  in  diamotur,  which  exploded  at  the  beif>hi  of  eif^t  or  tea  Tarda,  bot 
it  immediately  flprcad  out  on  the  dcclivitj  dowu  which  it  tlowed,  to  tbe  width 
ot  ficvcral  ptrtia.  It  cuntiaaod  red-hot  in  brood  (hiyligbt,  and  wlthont  a  par- 
ticle of  Koris  on  it«  sniEacc,  for  a  coorae  of  at  lea^t  one  handled  yarla.  At 
tJiiB  difitanco,  the  BuSooatin^,  sulphiiroas  rapora  beoome  ao  dense  that  I  eoaU 
follow  the  d^rrcnt  do  farther.  The  andnlationa  of  the  surface  were  Uke  thOM 
ot  a  brook  bwoHoii  by  rain.  1  estimated  the  height  of  the  warea  at  Sve  er 
•iz  incbeB  b.v  a  breadth  of  eighteen  or  twenty.  To  the  ef%  the  flniditj'  of  tha 
lava  seemed  aa  perfect  aa  that  ot  water,  bnt  mansea  of  odd  lava  VBighiqg  tea 
or  fifteen  pounds  Seated  upon  it  like  cork. 

Tbe  heat  emitted  by  lara  ourrenta  eeems  extremely  smatl  when  «ne  eooaUSev 
the  teni]wratur«  required  to  fu>e  each  matecuda  and  the  ^at  length  of  tbM 
ih^jr  take  io  cooling.  I  saw  at  Nicoloai  ancient  oil-jnrs,  hoidtng  »  hoadvad 
goUonx  or  mon:,  which  hrul  been  dug  out  from  under  a  stream  of  oM  Imvs 
above  thai  town.  They  hud  been  very  slightly  covered  with  voloaaio  aabea 
before  the  lara  Rowed  over  them,  but  the  lead  with  which  bole*  in  tbea  had 
been  plugged  waa  iwb  melted.  The  oturent  that  buried  Kompiliere  in  1QQ0 
was  thliiy-five  feet  thick,  bat  marble  statnea,  in  a  obnrch  ovur  which  the  lata 
formed  ao  arch,  were  found  uncalciiied  aad  uninjanKl  ia  1701.  See  SCMont, 
yWrotJiwrt,  diap.  vi.  g  8. 

*  rEiiRA.itA.  Xfmerittone  MP  Etna,  p.  10& 

t  Lasdoreiik,  ifaturgetcAieiiU  tier  Yu'Jtane,  li.,  p.  83. 
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Incid^nlcU  Ejects  of  Human  Action. 

I  have  more  than  once  hllnded  to  the  collateral  and  nnsoiighc 
consequences  of  hiim&ti  action  att  Ijeing  often  more  momentous 
tliaii  the  direct  and  defiired  results.  There  are  cases  where 
Euuli  infiilenUil}  or,  in  |K>jniIar  sptM!*,-h,  accideiilal,  in)iihe(iiien- 
ces,  though  of  minur  iiii|mrCaiicu  in  themselves,  eene  to  illus- 
trate niitural  pmeegses;  others,  where,  by  tlie  ma^ttude  and 
character  of  the  materia]  traces  thcv  leave  bcluDd  them,  tlie>' 
prove  that  uiun,  in  primary  or  in  more  aUvanci^d  sUgos  of 
eocial  life,  must  have  oeeiipied  pitrtidiilar  dialriuts  for  a  longer 
period  than  has  been  ftiipposed  by  popular  chronology.  "  On 
the  coa£t  of  Jutland,"  eavK  FortThhammer, "  wherever  a  bolt 
from  a  wreck  or  any  other  fragment  of  iron  is  deposited  in 
the  bench  l^and,  the  particles  are  cemented  together,  and  fona 
a  very  solid  niaaa  around  the  iron.  A  remarkable  formation 
of  tliip  sort  was  obBerved  a  few  yeiirs  ago  in  constructing  the 
ua-wall  of  the  hai'bor  of  Kleineur.  Tliid  stratum,  which  sel- 
dom exceeded  a  f(x>t  in  thickui-sa,  rested  upon  common  Inrach 
ftand,  and  was  found  at  various  depthi«,  le«8  near  the  nhore, 
greater  at  siinic  dirtlaucu  fn^<m  iL  It  was  compuMK)  of  pebbica 
and  aaiid,  and  cuiitaiued  a  great  quantity  of  pin«,  and  fume 
coins  of  the  reigu  of  ChrisUan  IV.,  lietween  the  b<!ginniug  and 
tlic  middle  of  tlie  seventeenth  century.  Here  and  there,  a 
coating  of  metallic  copper  had  been  deposited  by  galMtnio 
action,  and  the  presence  of  completely  oxydi»^  ntelallie  iron 
wa«  often  detected.  In\'e«tigatioii  made  it  iu  the  highest 
d^?ree  probable  that  this  fonnatiou  owed  its  origin  to  the  street 
sweepings  o(  tlie  town,  whicli  hud  been  thn>wn  upon  the  lieaeh, 
and  carried  off  and  distributed  by  tlic  waves  over  the  buttom 
of  the  harbor."*  These  and  other  familiar  observations  of  the 
like  i»<irt  show  that  a  eand«U>iie  reef,  of  no  inuoneideraldc  mag- 
nitude, might  originate  from  the  atronding  of  a  sliip  with  a 

*  0&>ffnotliiei4  Stinli*»  am  Mt*n$  I'/ar^  hwtomxKD  nad  Baosm,  JoAriuiA, 
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cargo  of  iron,*  or  from  throwing  the  waste  of  an  ceiahlifilimenl 
for  working  metals  into  running  water  which  might  carry  it  to 
the  s&L. 

Pai-ther  records  a  singular  instance  of  unforoacxsn  mischief 
fi-om  an  inrcrfercnve  with  the  arrangeinenta  of  nature.  A  land- 
owner fit  Malta  poeeefisifd  a  roeky  plateaa  Blopiiji^  gradualljr 
towaixld  the  wa,  and  tcrniiimtiti^  in  a  precipice  Utrty  ur  fiftj 
feet  high,  tlirongli  natnral  openings  in  wUidi  tlie  lica-waSQr 
fltjut'd  into  a  liirgo  ciive  under  tlio  ntck.  The  proprietor  ■*- 
tempted  to  eetablibh  ^alt-works  on  die  surface,  and  cut  bIihIIuw 
pools  in  the  i-ock  for  the  evB]H.rarion  of  the  water,  lii  onUa-  to 
fill  the  suIt-puiiH  more  readily,  he  ^auk  a  well  down  to  tlic  cav« 
beneath,  thrmigU  wliiL^li  he  drew  np  water  h_v  a  M-indlai>s  and 
hnckets.  The  epecuhitiau  proved  a  failure,  bocaneo  the  water 
filtci-cd  through  the  parous  bottom  of  the  pans,  Icftring  little 
Bait  beliind.  ihit  tliiid  was  a  email  evil,  oianpared  with 
other  destructive  oousequcncea  that  followed.  "Wlien  the 
Bca  was  driven  into  the  cfivc  l»y  violent  wc*t  or  noilli-wwi  windi^ 
it  shot  ujei  (Vfati  through  the  well  to  the  height  of  sixlv  feet, 
the  spray  of  which  waa  geattered  far  and  wide  over  the  ueigli' 
boring  gai-dens  and  blasted  tlic  trops.  The  well  was  now 
closed  witli  Btonefi,  but  the  next  winter's  fitimns  hurled  them 
out  again,  and  Hpread  thtf  salt  spray  over  the  grounds  in  Urn 
vicinity  as  before.  Repeated  attempts  were  made  to  stop  the 
orifice,  but  at  the  time  of  Piirtltey's  visit  the  sea  had  thrice 
burst  through,  and  it  was  feared  tliat  the  evil  vu  witboul 
rtfiMfdy.t 

I  have  [ncntiuned  the  great  extent  of  the  hoaps  of  oyster  and 
other  shelL-i  left  by  the  American  Indians  cm  the  Atlantic  ooaet 
of  tlte  United  Stjitee.  Some  of  the  B&ni&h  kitchcn-middcna. 
which  closely  ivsemblo  them,  are  a  thoiieand  feel  loi^r,  from 
one  hundred  and  fifty  to  two  hundred  wide,  and  from  wjt  h» 
ten  high.  ITiPjie  jtiles  have  an  ini[K>rtanee  as  genhij^iiatl  wit- 
neRBca,  independent  nl    tlicir  bearing  upon  buman    lii^^torj. 

*  Kont,  Befiktwig-fMMtin,  U..  p.  4S. 

f   Wandtrungeh  dank  Sieiiien  wtd  die  LetanU,  L,  p.  106. 
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"Wliorever  the  const  line  appi-'flrs^  fnjui  other  evidence,  to  have 
remained  iinchnngtHl  in  uiitliiici  and  elevation  since  they  were 
aoutimiihited,  thej  are  found  near  tlie  ftea,  and  not  more  Umn 
alxnit  tun  feet  aIx>vo  its  level.  In  Boino  cases  thoy  are  at  a 
umi^idemble  distance  from  the  Iwacli,  and  in  thcee  instanccSf 
80  far  as  ^-et  examined,  there  are  proofs  tliat  the  coast  Iulb  ad* 
TUiced  in  n>nse<|nence  of  upheaval  or  of  fliiriatilo  or  marine 
deposit.  ^Vlicre  they  are  alto^chor  wanting,  the  coast  Bci-mii 
to  have  sunk  or  Ixscn  waalicd  away  by  the  sea.  The  constaney 
of  these  (>l)6erratinu8  justifies  ^;coliif^ii>ts  in  nr^uin^,  where 
other  ovidouoe  is  wanting,  the  ndvoiiec  of  land  ot  sea  respect- 
ively, or  (lie  elevation  or  deprefwinn  of  the  former,  from  the 
position  or  the  ahi^encc  of  these  heaps  alone. 

Every  traveller  in  Italy  Is  familiar  witli  Monte  Testaocio,  the 
moinitain  of  i>otshcrda,  at  Rome ;  *  bnt  this  deposit,  lai^  aa  St 
JR,  ahrinka  intn  inftigtuficant-e  when  compared  with  niawtcs  of 
eimilarnrigin  in  the  iicij^lihorhtwduf  oldercities.  Tliecastaway 
jx)tlery  of  ancient  towns  in  Magna  Gnecia  compoeea  strata  of 
•acli  extent  and  lliiekncsa  that  they  have  l»een  dipiilied  with- 
the  appelhition  of  the  ceramic  funnution.  T)ie  Nile,  as  it 
slowly  changes  ite  bed,  ex|>ose8  in  its  hanks  inosacs  of  the  hAtna 
material,  so  vast  that  the  |>opnlation  of  the  world  during  the 
whole  historical  period,  would  &ocm  to  have  chosen  this  valley  as 
a  general  deposit  for  its  broken  vessels. 

Tlie  fei-tillty  imjiartcd  to  llie  hanks  of  the  Xile  hy  tlie 
water  and  the  slime  of  (he  itmndatimis,  ift  anrh  that  maninica- 
are  little  employed.  Hcnc«  mnch  domestic  waste,  whiuli. 
woiilfl  elsewhere  be  employed  to  enrich  the  soil,  is  thrown  out 
into  vacant  places  near  the  town,  llill-s  of  rnbbiuli  nf  thus- 
ptleH  np  which  astonish  tlic  traveller  almost  as  mtich  as  the 
solid  pyrunida  themsoIveA.     The  heain  of  asbes  and  other 


*  Until  rooratiy  tbU  hillock  wiw  sappoacd  to  oooiut  of  abvida  ot  hooMhold 
poltoijr  btrtkeo  in  tudng,  tmt  it  oow  siipean  to  be  Moeritliieil  that  it  In  com* 
poMd  of  frn^TDonU  of  «ftitheuwar«  brukea  in  InnportaUoo  fnca  tbs  i>IaM 
of  tuaoteocitn  to  tiu  emporiam  od  Um  Tibet  whore  mch  attfole*  w«t« 
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lioupeliolil  refuse  collected  on  the  borders  and  within  the  limitf 
of  Caij-o  were  eo  large,  that  tlio  removal  of  them  by  Ibrahim 
Pacba  has  been  looked  upon  aa  one  of  the  great  works  of  tlio 

Tliese  henps  formed  ahnoftt  a  complete  rampart  around  the 
citT,  and  imi>cded  !)oth  Uie  circitlationi  of  Uie  air  and  tire  com- 
innniuation  botwoen  Ciiini  and  Its  stibnrlns.  At  two  points 
these  accumnlatioTis  are  said  to  have  rieen  to  tlie  incredible 
height  of  between  six  and  Bcveu  hnndrcd  feet ;  and  tlieae  two 
heaps  covered  two  hundred  ami  fifty  acres.*  Durintj  the  occu- 
patiiin  of  {'aim  liy  the  Kn*iic"li,  tli«  invaders  coimlnicUod  re- 
doubts on  t]iose  hitloaks  which  connnanded  the  city.  Thejr 
wore  removed  by  Mebeinet  Ali,  and  the  material  was  employed 
in  raisinpt  the  level  of  low  grotnids  in  the  cnvir«m&.+ 

In  Eiiivipean  and  Amerit-ah  cities,  street  sweepings  ami  other 
towr  refiit^e  are  used  as  manure  and  spread  over  tlu*  neighboi^ 
ing  jfields,  the  feurface  of  whi«h  is  pen;epiiblj  raised  by  them, 
by  vegetable  deposit,  and  by  other  effeeta  of  hnmaii  indnstir, 
and  ill  spite  of  all  efforts  to  remove  the  waste,  the  level  of  the 
gi-ound  oil  wbidi  laifje  towns  stand  is  constantly  elevated.  TTie 
present  etreefis  of  R<inie  are  twenty  feet,  and  in  many  pJaois 
nnu-h  more,  above  those  of  the  ani-ient  eity.  Tlie  Appian  Way 
between  Rome  and  Albatio,  when  t-.leai'ed  otit  a  few  years  ago^ 
was  foDiid  buried  fonr  or  fiio  feet  deej),  and  the  tields  ftlong 
the  nwd  were  elevated  nearly  or  quite  as  much.  The  Hitoni  of 
many  flnirchfs  in  Italy,  not  lunre  than  six  or  seven  conliiries 
old,  are  ikhv  three  or  fonr  feet  below  the  mljaeent  streets,  th<jn^ 
it  is  pn>ve<l  by  exeavatiuns  that  tliey  were  built  as  many  leek 
above  them^ 

•  Curr  Bkv,  fi^i/ptt,  L,  p.  377. 

i  Ctf>'p(  mtuiufactured  tumunll;  about  1,300,000  potmds  of  oftre,  by  Uiifi. 
tHins  the  andont  aud  ramlcm  rubbi«h-hoiip«  orcnicd  tho  towrw. 

X  naSiwcqu«  maintained  manr  yflare  ago  that  there  waa  a  ooctatmal  drpo^ 
tlon  of  dust  on  the  nurrace  nf  the  onrth  from  thu  atioofiphcm.  or  fcocn  ""-t*^! 
B|>aoe,  Boffident  in  quantity  to  sxplsiu  no  Rinall  part  of  th«  «l«Tiitioa  xmtwmA 
Id  in  tbe  Xmxt.  ObHcrvationa  during  th«  eolipee  □(  Dec:.  SS,  1870,  tad 
utxcaunnora  to  believe  that  the  appearance  of  the  connui  irna  depoadaoi 
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NotJiUig  SrnaJl  in  IValure. 

It  IB  E  legal  muim  that  "the  Uw  concemeth  not  it»c1f  with 
trifles,"  d«  minimu  non  curat  Ujc  ;  but  in  the  vocnbnlarj-  of 
iiattire,  little  and  ((tvut  ape  terms  of  eomparison  only ;  slie 
knuwttno  trifles,  and  her  laws  are  a^  inflexible  in  deuHng  with 
an  flt<mi  iis  with  a  continent  or  a  plauet.*    Tlio  hnman  o[)oni- 

or  nodifled  bj  cosmica)  doH  or  m&ttcr  in  «  vmj  altcnnated  fona  diffoaad 
tbroujfh  HfKuse. 

Tyndoll  has  shavrn  hjr  opUunl  t«Hta  that  tha  proportion  of  solid  mnltor  Mat- 
pandMl  or  floatios  ui  common  air  ia  t^tj  coiuidanbt*,  and  tb«re  ia  Kbandant 
other  eridenoe  to  Ibo  unac  porpoae.  Klirenburg  baa  foood  African  and  nan 
Ameriotin  iofo^orut.  ia  diut  tr«aiipUnt«d  by  wioda  and  ki  tall  in  Eitrop4,  mmI 
Sohlienuuin  aaHita  Ihat  tbo  quantity  of  dakt  bnmgbt  bj*  tfae  wiraoco  from 
Afric;!  it  to  great,  tlikt  1^  catting  boin  In  U)«  naked  rodca  of  Malta  enough 
of  Ubjran  tiansporivtl  earth  can  be  cnngtit  anil  retained.  In  the  oooise  of  fonr- 
t>e«u  r«a.n,  to  f"mi  a  noil  fit  for  ctiltivation. — /i-fSaj/ftur  Attgfmttafa  Zeitung, 
Uar  34,  1»70. 

*  Ot)«  of  tbe  ■iab)iui«at,  and  at  U)e  aame  time  moat  fftiuful  niggesttona  ihlA 
bars  been  prompted  b;  the  rcMnurbca  of  raodam  adenoe,  waa  made  by 
DabbBce  in  tb«  ninth  chapter  of  bit  iViAtA  Bridgmgater  Trtatite.  t  have 
Dot  tbe  Tolumo  ni  huid,  but  tlw  follnwini;  eiplanatioD  will  noall  to  the 
n*der,  if  It  doe«  not  othorwiae  make  int<llij0ble,  the  anggtation  I  refer  to : 

No  atom  can  be  dlsturlMil  in  place,  or  undergo  any  t^asge  of  tempetntnn, 
of  eleotrical  stnte.  or  other  material  conditioo.  withonc  affecting,  bjr  attcao- 
tion  or  repulsion  ur  otber  oommuntcatlon,  the  surrtmnding  atonu.  These, 
■gain,  hf  the  some  Uw,  tnutnnit  the  inflaem^  to  other  Uoou.  and  the  tm- 
polae  thna  gtrea  exienda  through  the  whola  material  unlniM.  trmrj  bainan 
moTement,  e-my  oiganlo  act,  ererr  rolitlon,  lUMioOt  or  emotion,  erery  Intel- 
lectoal  prooeaa,  is  aooompanied  Hitb  aUimie  diatarbanoe,  and  faimca  every 
mirh  moTement,  tsrery  snt^h  act  ar  proenas,  affeota  oil  tbc  atoms  of  n&irorsa) 
matter,  Tboofih  action  and  rooctioa  are  equal,  yet  reaction  dnoa  not  restore 
disturbed  atoms  to  their  farnflt  place  and  oondltian,  and  ooiMeqiiently  tha 
elteclM  of  tfae  laost  material  cbooge  ore  uerer  oancelled,  but  in  aume  way 
p««Tpet doted,  so  that  no  aetian  can  tAke  plooe  In  physical,  moral,  or  Intel- 
lectual txatore.  without  leaTing  all  matter  In  a  diffi^rcnt  state  from  what  It 
wonld  hare  been  if  such  aolioB  had  not  oooarred.  Ilmoe,  to  nan  language 
which  I  have  employed  on  another  oeeosdon :  thAre  oxiNto,  not  alone  in  the 
haman  ecmsctence  or  in  tfae  onnieoienoe  of  the  Crratnr,  bnt  in  extcruol 
r  atnre,  an  Ineffooeable,  imperishable  reeoid.  poasibly  legittle  even  to 
ontaU'd  inteUigeocei,  of  ereiy  act  done,  every  woid  nUend,  mgr,  of  eroy 
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tioiis  mentioned  in  the  last  fow  pflragraphs,  tlierefore,  do  act 
ill  tlie  ways  ascribed  to  thcni,  tlioiiyli  our  limited  faculties  are 
at  pruKeiit,  })erLaps  forever,  iucapablo  of  woighing  their  imme- 
diate, still  moro  their  ultiiriHtectiiiw^iuenres.  Unt  onr  inahility 
to  aaaign  definite  \*h1uo&  to  these  causoB  of  the  dititurltaneo  of 
natural  arrangements  id  not  a  reason  For  i^^ioring  the  exisfcmoe 
of  snch  causes  in  any  geuural  viow  of  the  relations  between 
man  and  nature,  aud  we  are  never  justiiled  in  aBsaminga  force 
to  be  inBtgnifieant  because  its  measure  is  unknown,  or  eren 
l^ieeauflo  no  phyaieal  effect-  can  now  be  traced  lo  it  as  its  origin. 
The  collectiun  of  phenomena  mnst  precede  the  knalysis  of 
them,  and  every  now  fact,  illustrative  of  the  action  and  reac- 
tion between  humanity  and  the  material  world  aroand  it,  is 
auuther  tttep  tuwurds  the  dutenninatiun  of  tlio  great  quoetiou, 
whether  man  is  of  material  nature  or  above  her. 


vuh  and  purpOM  asd  fhoaffht  ooncMved  by  mOTt«l  man,  froni  th«  Unh  «C 
our  flnit  inrecit  to  the  &iul  ezciuution  of  our  raoe;  ao  Uut  tha  phjvieri 
tnkcea  of  our  mofft  »eci«t  tina  ilull  kst  outU  Uina  abaU  bo  mexgad  In  thai 
eteniEt}'  of  whJoh  not  «o[«noe,  bat  r«lifflon  alone.  aHiuiMa  to  takft  oofiu- 
UQoe. 
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